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,W LV D ZHOO DFFHSWHG HPSLULFDO UHVXOW WKDW IRUZDUG H[FKDQJH UDWH XQELDVHGQHVV LV UHMHFWHG
LQ WHVWV RI WKH ‡GLIIHUHQFHV UHJUHVVLRQ· RI WKH FKDQJH LQ WKH ORJDULWKP RI WKH VSRW
H[FKDQJH UDWH RQ WKH IRUZDUG GLVFRXQW￿ 7KH UHVXOW LV UHIHUUHG WR LQ WKH ,QWHUQDWLRQDO
)LQDQFH OLWHUDWXUH DV WKH IRUZDUG GLVFRXQW SX]]OH￿ &RPSHWLQJ H[SODQDWLRQV RI WKH QHJDWLYH
ELDV RI WKH IRUZDUG GLVFRXQW FRHIILFLHQW LQFOXGH WKH SRVVLELOLWLHV RI D WLPH￿YDU\LQJ ULVN
SUHPLXP RU WKH H[LVWHQFH RI ‡SHVR SUREOHPV￿· :H RIIHU DQ DOWHUQDWLYH H[SODQDWLRQ IRU WKLV
DQRPDO\￿ 2QH RI WKH VW\OL]HG IDFWV DERXW WKH IRUZDUG GLVFRXQW LV WKDW LW LV KLJKO\
SHUVLVWHQW￿ :H PRGHO WKH IRUZDUG GLVFRXQW DV DQ $5￿￿￿ SURFHVV DQG DUJXH WKDW LWV
SHUVLVWHQFH LV H[DJJHUDWHG GXH WR WKH SUHVHQFH RI VWUXFWXUDO EUHDNV￿ :H GRFXPHQW WKH
WHPSRUDO YDULDWLRQ LQ SHUVLVWHQFH￿ XVLQJ D WLPH￿YDU\LQJ SDUDPHWHU VSHFLILFDWLRQ IRU WKH
$5￿￿￿ PRGHO￿ ZLWK 0DUNRY￿VZLWFKLQJ GLVWXUEDQFHV￿ :H DOVR VKRZ￿ XVLQJ D VWRFKDVWLF
PXOWLSOH EUHDN PRGHO￿ VXJJHVWHG UHFHQWO\ E\ %DL DQG 3HUURQ ￿￿￿￿￿￿￿ WKDW IRU WKH *￿￿
FRXQWULHV￿ ZLWK WKH H[FHSWLRQ RI -DSDQ￿ WKH IRUZDUG GLVFRXQW SHUVLVWHQFH LV VXEVWDQWLDOO\
OHVV￿ LI RQH DOORZV IRU PXOWLSOH VWUXFWXUDO EUHDNV LQ WKH PHDQ RI WKH SURFHVV￿ 7KHVH EUHDNV
FRXOG EH LGHQWLILHG DV PRQHWDU\ VKRFNV WR WKH FHQWUDO EDQN¶V UHDFWLRQ IXQFWLRQ￿ DV
GLVFXVVHG LQ (LFKHQEDXP DQG (YDQV ￿￿￿￿￿￿￿ 8VLQJ 0RQWH &DUOR VLPXODWLRQV ZH VKRZ
WKDW LQ WKH DEVHQFH RI D IRUHLJQ H[FKDQJH ULVN SUHPLXP￿ LI ZH GR QRW DFFRXQW IRU
VWUXFWXUDO EUHDNV ZKLFK DUH SUHVHQW LQ WKH IRUZDUG GLVFRXQW SURFHVV￿ WKH IRUZDUG GLVFRXQW
FRHIILFLHQW LQ WKH ‡GLIIHUHQFHV UHJUHVVLRQ· LV VHYHUHO\ ELDVHG GRZQZDUG￿ DZD\ IURP LWV
WUXH YDOXH RI ￿￿
￿ 7KH DXWKRUV ZRXOG OLNH WR WKDQN &KDUOHV (QJHO IRU KHOSIXO FRPPHQWV DQG VXJJHVWLRQV DQG -XVKDQ %DL IRU
JHQHURXVO\ SURYLGLQJ WKH *$866 FRGH WR HVWLPDWH WKH PXOWLSOH EUHDN PRGHOV￿ 7KH XVXDO GLVFODLPHU DSSOLHV￿￿
￿￿ ,QWURGXFWLRQ
$ UHFXUULQJ WKHPH LQ WKH LQWHUQDWLRQDO ILQDQFH OLWHUDWXUH LV WKH LQYHVWLJDWLRQ RI
IRUZDUG PDUNHW HIILFLHQF\￿ 6WDUWLQJ ZLWK %LOVRQ ￿￿￿￿￿￿ DQG )DPD ￿￿￿￿￿￿￿ WKH UHJUHVVLRQ
WKDW PRVW SHRSOH KDYH ORRNHG DW ZKHQ WKH\ WHVW WKH IRUZDUG UDWH XQELDVHGQHVV K\SRWKHVLV
￿)58+￿ LV WKH ‡GLIIHUHQFHV UHJUHVVLRQ·￿
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ZKHUH￿ VW LV WKH ORJ RI WKH VSRW H[FKDQJH UDWH￿ IW￿N LV WKH ORJ RI WKH N￿SHULRG IRUZDUG
H[FKDQJH UDWH DW WLPH W￿ IW￿N￿VW LV WKH IRUZDUG GLVFRXQW￿ ZKLFK￿ XQGHU FRYHUHG LQWHUHVW SDULW\￿
HTXDOV WKH LQWHUHVW UDWH GLIIHUHQWLDO￿ EHWZHHQ WZR FRXQWULHV￿ HW￿N LV WKH UHJUHVVLRQ HUURU DQG
’ LV WKH GLIIHUHQFH RSHUDWRU￿ )58+ VWLSXODWHV WKDW XQGHU WKH MRLQW K\SRWKHVLV RI ULVN
QHXWUDOLW\ DQG UDWLRQDO H[SHFWDWLRQV￿ WKH FXUUHQW IRUZDUG UDWH LV DQ XQELDVHG SUHGLFWRU RI
WKH IXWXUH VSRW UDWH￿ WKDW LV￿ XQGHU )58+￿ D  ￿￿ E  ￿￿ DQG (W￿HW￿￿￿ ￿ ￿ VR WKDW D
GRPHVWLF LQYHVWRU ZKR LQYHVWV LQ D IRUHLJQ PDUNHW FDQQRW JDLQ ‡H[FHVV UHWXUQV· IURP
IRUHLJQ FXUUHQF\ EHWZHHQ WLPHV W DQG W￿N￿ 1HYHUWKHOHVV￿ WKH W\SLFDO ILQGLQJ LQ WKH
OLWHUDWXUH LV WKDW )58+ LV FRPSHOOLQJO\ UHMHFWHG￿ QRW RQO\ WKH IRUZDUG UDWH LV QRW DQ
XQELDVHG SUHGLFWRU RI WKH IXWXUH VSRW UDWH￿ EXW W\SLFDO HVWLPDWHV RI E LQ ￿￿￿ DUH
VLJQLILFDQWO\ QHJDWLYH
￿￿ 7KLV DQRPDORXV HPSLULFDO ILQGLQJ LV VR ZHOO GRFXPHQWHG WKDW LW LV
UHIHUUHG WR DV WKH IRUZDUG GLVFRXQW DQRPDO\￿
$ ODUJH QXPEHU RI UHVHDUFKHUV IRFXVHG RQ WKH SX]]OLQJ HVWLPDWHV RI E IURP ￿￿￿
DQG WULHG WR H[SODLQ ZKDW FRXOG EH FDXVLQJ WKHP WR GHYLDWH IURP WKH WKHRUHWLFDO YDOXH RI ￿￿
7ZR RI WKH FRPSHWLQJ H[SODQDWLRQV WKDW KDYH EHHQ SXW IRUWK DUH GLVFXVVHG LQ (QJHO ￿￿￿￿￿￿
DQG /HZLV ￿￿￿￿￿￿￿ 7KH ILUVW RI WKHVH H[SODQDWLRQV ZDV SLRQHHUHG E\ )DPD ￿￿￿￿￿￿￿ )DPD
VXJJHVWV WKDW WKH DQRPDO\ LV GXH WR DQ RPLWWHG YDULDEOHV SUREOHP￿ +H VKRZV WKDW LI ULVN
QHXWUDOLW\ IDLOV￿ WKHQ QHJDWLYH HVWLPDWHV RI E DUH FRQVLVWHQW ZLWK D WLPH￿YDU\LQJ H[FKDQJH
UDWH ULVN SUHPLXP USW￿ ZKLFK LV FRUUHODWHG ZLWK WKH IRUZDUG GLVFRXQW VR WKDW HTXDWLRQ ￿￿￿
LV PLVSHFLILHG￿ ,Q WKH FDVH RI D QHJDWLYH HVWLPDWH RI E￿ WKH FRYDULDQFH RI WKH ULVN SUHPLXP
ZLWK WKH H[SHFWHG FKDQJH LQ WKH VSRW H[FKDQJH UDWH PXVW EH QHJDWLYH DQG WKH YDULDQFH RI
WKH ULVN SUHPLXP PXVW EH JUHDWHU WKDQ WKH YDULDQFH RI WKH H[SHFWHG FKDQJH￿ 1HYHUWKHOHVV￿
￿ )URRW ￿￿￿￿￿￿ UHSRUWV DQ DYHUDJH YDOXH IRU E RI –￿￿￿￿ RYHU ￿￿ SXEOLVKHG VWXGLHV￿￿
HPSLULFDO PRGHOV RI WKH ULVN SUHPLXP WKXV IDU￿ KDYH EHHQ XQDEOH WR DGHTXDWHO\ DGGUHVV
WKH DQRPDO\￿ (QJHO ￿￿￿￿￿￿ FRQFOXGHV￿
‡￿￿￿)LUVW￿ HPSLULFDO WHVWV URXWLQHO\ UHMHFW WKH QXOO K\SRWKHVLV WKDW WKH IRUZDUG UDWH LV D
FRQGLWLRQDOO\ XQELDVHG SUHGLFWRU RI IXWXUH VSRW UDWHV￿ 6HFRQG￿ PRGHOV RI WKH ULVN SUHPLXP
KDYH EHHQ XQVXFFHVVIXO DW H[SODLQLQJ WKH PDJQLWXGH RI WKLV IDLOXUH RI XQELDVHGQHVV￿￿￿·
7KH VHFRQG H[SODQDWLRQ LV EDVHG XSRQ WKH LGHD RI V\VWHPDWLF IRUHFDVW HUURUV EHLQJ
PDGH E\ WKH IRUHLJQ H[FKDQJH PDUNHW SDUWLFLSDQWV￿ )UDQNHO DQG )URRW ￿￿￿￿￿￿ DQG )URRW
DQG )UDQNHO ￿￿￿￿￿￿ VKRZ￿ XVLQJ YDULRXV PHDVXUHV RI H[SHFWDWLRQV EDVHG RQ VXUYH\ GDWD￿
WKDW H[FHVV UHWXUQV DUH PDLQO\ GXH WR V\VWHPDWLF IRUHFDVW HUURUV DQG QRW ULVN SUHPLD￿ $W
DQ\ JLYHQ WLPH￿ VRPH RI WKH PDUNHW SDUWLFLSDQWV GR QRW XVH DOO DYDLODEOH LQIRUPDWLRQ
HIILFLHQWO\￿ RU LQ RWKHU ZRUGV￿ WKH\ IRUP H[SHFWDWLRQV LQ DQ LUUDWLRQDO PDQQHU￿ 7KHLU
EHKDYLRU JHQHUDWHV DGGLWLRQDO ULVN LQ DVVHW SULFHV WKDW KDV D WZR￿IROG HIIHFW￿ )LUVW￿
LUUDWLRQDO DJHQWV HDUQ KLJKHU H[SHFWHG UHWXUQV EHFDXVH WKH\ EHDU KLJKHU ULVN￿ 6HFRQGO\￿
UDWLRQDO DJHQWV￿ EHLQJ PRUH ULVN￿DYHUVH￿ DUH QRW QHFHVVDULO\ DEOH WR GULYH WKH ILUVW JURXS
RXW RI WKH PDUNHW E\ DJJUHVVLYHO\ EHWWLQJ DJDLQVW WKHP￿ ,Q WHUPV RI HTXDWLRQ ￿￿￿￿ VXFK
EHKDYLRU FRXOG ELDV WKH HVWLPDWH RI E￿ LI WKH IRUHFDVW HUURU LV QHJDWLYHO\ FRUUHODWHG ZLWK
WKH IRUZDUG GLVFRXQW￿
/HZLV ￿￿￿￿￿￿ DQG /HZLV DQG (YDQV ￿￿￿￿￿￿ VXJJHVW D GLIIHUHQW UHDVRQ ZK\ WKH
IRUHFDVW HUURU FRXOG EH QHJDWLYHO\ FRUUHODWHG ZLWK WKH IRUZDUG GLVFRXQW￿ 7KH\ DWWULEXWH
V\VWHPDWLF HUURUV LQ WKH SUHVHQFH RI ‡OHDUQLQJ· RU ‡SHVR· SUREOHPV￿ %ULHIO\￿ WKH HFRQRP\
XQGHUJRHV LQIUHTXHQW UHJLPH FKDQJHV￿ GXH WR VKRFNV KLWWLQJ WKH UHDO￿ DV ZHOO DV WKH
QRPLQDO VLGH RI WKH HFRQRP\￿ ,Q WKH FDVH RI ‡SHVR· SUREOHPV￿ HFRQRPLF DJHQWV UHYLVH
WKHLU IXWXUH H[SHFWDWLRQV LQ D UDWLRQDO PDQQHU￿ ZKLOH WU\LQJ WR LQFRUSRUDWH LQ WKHLU
LQIRUPDWLRQ VHW WKH SUREDELOLW\ RI EHLQJ LQ D GLIIHUHQW UHJLPH QH[W SHULRG￿ ,I WKH
DQWLFLSDWHG UHJLPH LV QRW UHDOL]HG ZLWKLQ WKH VDPSOH H[DPLQHG￿ VHULDO FRUUHODWLRQ LQ WKH
IRUHFDVW HUURUV￿ FRXOG EH LQWURGXFHG LQ VPDOO VDPSOHV￿ $OWKRXJK WKHVH PRGHOV FDQ
SDUWLDOO\ H[SODLQ WKH SX]]OH￿ /HZLV ￿￿￿￿￿￿ DGPLWV WKDW D VXEVWDQWLDO DPRXQW RI YDULDELOLW\
LQ H[FHVV UHWXUQV UHPDLQV XQH[SODLQHG￿￿
$OWHUQDWLYHO\￿ PRGHOV RI IUDFWLRQDO LQWHJUDWLRQ KDYH EHHQ GHYHORSHG LQ DQ DWWHPSW
WR DGGUHVV WKH SRVVLEOH FRQQHFWLRQ EHWZHHQ WKH IRUZDUG GLVFRXQW ELDV DQG LWV SHUVLVWHQFH￿
7KHVH PRGHOV LQFOXGH %DLOOLH DQG %ROOHUVOHY ￿￿￿￿￿￿￿ %DLOOLH DQG %ROOHUVOHY ￿￿￿￿￿￿￿ DV
ZHOO DV 0D\QDUG DQG 3KLOOLSV ￿￿￿￿￿￿ DPRQJ RWKHUV￿ %DLOOLH DQG %ROOHUVOHY PRGHO WKH
IRUZDUG GLVFRXQW DV D IUDFWLRQDOO\ LQWHJUDWHG SURFHVV ,￿G￿￿ ZKLFK LV VWLOO PHDQ￿UHYHUWLQJ￿
\HW WKH DXWRFRUUHODWLRQ IXQFWLRQ GHFD\V YHU\ VORZO\￿ 7KH\ VKRZ￿ XVLQJ 0RQWH &DUOR
VLPXODWLRQV WKDW LQ WKLV FDVH
A
E LQ ￿￿￿ ZLOO FRQYHUJH WR LWV WUXH YDOXH RI XQLW\￿ YHU\ VORZO\￿
7KH\ VXJJHVW WKDW WKH DQRPDO\ LV MXVW D VWDWLVWLFDO DUWLIDFW￿ ,W WDNHV SODFH H[DFWO\ EHFDXVH
WKH DXWRFRUUHODWLRQ RI WKH IRUZDUG GLVFRXQW LV YHU\ SHUVLVWHQW DQG WKH VDPSOH VL]H IDLUO\
VPDOO￿ (YHQ LI WKH IRUZDUG GLVFRXQW LV D ELDVHG SUHGLFWRU RI WKH IXWXUH VSRW UDWH￿ LW LV QRW
SRVVLEOH WR VWDWLVWLFDOO\ UHDFK D GHILQLWH FRQFOXVLRQ￿ JLYHQ WKH W\SLFDO VL]H RI H[FKDQJH UDWH
VDPSOHV￿
7KH PDLQ FULWLFLVP DJDLQVW XVLQJ PRGHOV RI IUDFWLRQDO LQWHJUDWLRQ LV ZKHWKHU
IUDFWLRQDOO\ LQWHJUDWHG SURFHVVHV RFFXU LQ WKH DFWXDO HFRQRP\￿ *UDQJHU ￿￿￿￿￿￿ DUJXHV WKDW
VXFK SURFHVVHV DUH DW YHU\ ORZ VSHFWUDO IUHTXHQFLHV ZKHUH LQIRUPDWLRQ DFFXPXODWHV YHU\
VORZO\￿ $V D UHVXOW ORQJ WLPH VHULHV DUH UHTXLUHG WR SURYLGH HVWLPDWHV RI G￿ WKH RUGHU RI
IUDFWLRQDO LQWHJUDWLRQ￿ ZKLFK DUH VLJQLILFDQWO\ GLIIHUHQW IURP ￿ RU ￿￿ 7\SLFDO
PDFURHFRQRPLF VHULHV DUH QRW ORQJ HQRXJK WR SURYLGH XV ZLWK VXFK HYLGHQFH￿ *UDQJHU
DGYRFDWHV WKH XVH RI QRQ￿OLQHDU PRGHOV DV SODXVLEOH DOWHUQDWLYHV WR IUDFWLRQDO LQWHJUDWLRQ￿
8VLQJ VLPXODWHG GDWD￿ DV ZHOO DV GDLO\ DEVROXWH UHWXUQV IRU WKH 6￿3 ￿￿￿ LQGH[￿ *UDQJHU
VKRZV WKDW WKH VWRFKDVWLF EUHDN PRGHO GHYHORSHG E\ %DL ￿￿￿￿￿￿ FDQ SURGXFH PDQ\ RI WKH
‡ORQJ PHPRU\· SURSHUWLHV RI WKH GDWD￿ )XUWKHUPRUH￿ ’LHEROG DQG ,QRXH ￿￿￿￿￿￿
DQDO\WLFDOO\ VKRZ WKDW VWRFKDVWLF UHJLPH￿VZLWFKLQJ LV REVHUYDWLRQDOO\ HTXLYDOHQW WR ORQJ
PHPRU\￿ HYHQ DV\PSWRWLFDOO\￿ WKXV RIIHULQJ DGGLWLRQDO HYLGHQFH RI WKH HPSLULFDO
UHOHYDQFH RI VXFK PRGHOV￿
2XU VWDUWLQJ SRLQW￿ DV LQ %DLOOLH DQG %ROOHUVOHY ￿￿￿￿￿￿ LV DQ LQYHVWLJDWLRQ LQWR WKH
WLPH VHULHV SURSHUWLHV RI WKH IRUZDUG GLVFRXQW￿ IW￿VW￿ 6SHFLILFDOO\￿ RQH RI WKH VW\OL]HG IDFWV
DERXW WKH IRUZDUG GLVFRXQW LV WKDW LW LV KLJKO\ SHUVLVWHQW￿ 7KLV SHUVLVWHQFH PRWLYDWHG
%DLOOLH DQG %ROOHUVOHY¶V IUDFWLRQDO LQWHJUDWLRQ DSSURDFK￿ &URZGHU ￿￿￿￿￿￿ DQG /HZLV DQG
(YDQV ￿￿￿￿￿￿ KDYH JRQH DV IDU DV WR FRQFOXGH WKDW WKH IRUZDUG GLVFRXQW￿ DSSHDUV WR KDYH D
XQLW URRW FRPSRQHQW￿ $ XQLW URRW LQ WKH IRUZDUG GLVFRXQW LV XQDSSHDOLQJ IRU WKH IROORZLQJ￿
UHDVRQ￿ &RQVLGHU WKH IROORZLQJ GHFRPSRVLWLRQ￿ LQ WKH SUHVHQFH RI D WLPH￿YDU\LQJ ULVN
SUHPLXP￿ RULJLQDOO\ GXH WR )DPD ￿￿￿￿￿￿￿ LQ QDWXUDO ORJV￿
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7KLV HTXDWLRQ UHODWHV WRGD\¶V IRUZDUG UDWH￿ IW￿ WR QH[W SHULRG¶V VSRW UDWH￿ VW￿￿￿ D ULVN
SUHPLXP￿ USW￿￿￿ DQG D UDWLRQDO H[SHFWDWLRQV IRUHFDVW HUURU WHUP￿ KW￿￿￿ :H FDQ UHZULWH WKH
IXWXUH VSRW UDWH DV￿
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,I ZH VXEVWLWXWH HTXDWLRQ ￿￿￿ LQWR ￿￿￿ DQG UHDUUDQJH￿ ZH JHW
￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿ ’   ￿ W W W W W US V V I K ￿￿￿
(TXDWLRQ ￿￿￿ VKRZV WKDW WKH IRUZDUG GLVFRXQW FRQVLVWV RI WKUHH FRPSRQHQWV￿
7KH FKDQJH LQ WKH VSRW H[FKDQJH UDWH￿ WKH ULVN SUHPLXP DQG D UDWLRQDO IRUHFDVW HUURU￿
6LQFH￿ ERWK WKH FKDQJH LQ WKH VSRW H[FKDQJH UDWH DQG WKH IRUHFDVW HUURU DUH VWDWLRQDU\￿ WKH
VXSSRVHG XQLW URRW FRPSRQHQW RI WKH IRUZDUG GLVFRXQW LV LGHQWLILHG DV WKH ULVN SUHPLXP￿
(YDQV DQG /HZLV ￿￿￿￿￿￿ ILQG WKDW VSRW DQG IRUZDUG UDWHV DUH QRW FRLQWHJUDWHG￿ EXW WKH\
EHOLHYH WKLV WR EH D FRQVHTXHQFH RI WKH ‡SHVR SUREOHP￿· 8QLW URRW ULVN SUHPLD ZRXOG EH
YHU\ KDUG WR UDWLRQDOL]H VLQFH VWDQGDUG PRGHOV RI WLPH￿YDU\LQJ ULVN SUHPLD LPSO\ WKHP WR
EH VWDWLRQDU\ VLQFH WKH\ GHSHQG RQ WKH WLPH VHULHV SURSHUWLHV RI RWKHU VWDWLRQDU\ YDULDEOHV￿
VXFK DV WKH FKDQJH LQ FRQVXPSWLRQ￿
￿
:H VWDUW ZLWK WKH SULRU WKDW WKH IRUZDUG GLVFRXQW LV VWDWLRQDU\￿ RU HTXLYDOHQWO\ WKDW
VSRW DQG IRUZDUG H[FKDQJH UDWHV DUH FRLQWHJUDWHG ZLWK FRLQWHJUDWLQJ YHFWRU ￿￿￿￿￿￿¶￿ DQG LWV
REVHUYHG SHUVLVWHQFH LV GXH WR VWUXFWXUDO FKDQJHV WKDW WDNH SODFH LQ WKH HFRQRP\ GXULQJ
WKH WLPH SHULRG RI RXU VDPSOH￿ 6WDUWLQJ ZLWK 3HUURQ ￿￿￿￿￿￿￿ LW LV ZHOO GRFXPHQWHG LQ WKH
HFRQRPHWULFV OLWHUDWXUH WKDW VWUXFWXUDO EUHDNV FRXOG LQGXFH ,￿￿￿￿ DV ZHOO DV ,￿G￿ OLNH
EHKDYLRU LQ WLPH VHULHV￿ :H K\SRWKHVL]H WKDW WKH IRUZDUG GLVFRXQW LV VXEMHFW WR VWUXFWXUDO
EUHDNV￿ DQG SHUKDSV WKHUH LV PRUH WKDQ RQH LQVWDQFH RI VWUXFWXUDO EUHDNV LQ WKH GDWD￿ 6XFK
￿ 7KLV LV DOVR WKH DUJXPHQW PDGH LQ (YDQV DQG /HZLV ￿￿￿￿￿￿￿ 7KH\ FLWH *URVVPDQ DQG 6KLOOHU ￿￿￿￿￿￿￿
%DFNXV￿ *UHJRU\￿ DQG =LQ ￿￿￿￿￿￿ DV H[DPSOHV RI VWXGLHV RI WLPH￿YDU\LQJ ULVN SUHPLD￿ )RU D FRPSOHWH
GLVFXVVLRQ RI WKHRUHWLFDO PRGHOV RI IRUHLJQ H[FKDQJH ULVN SUHPLD VHH (QJHO ￿￿￿￿￿￿￿￿
EUHDNV FRXOG EH DULVLQJ IURP FKDQJHV LQ PRQHWDU\ SROLF\ REMHFWLYHV RI WKH FHQWUDO EDQNV
RI GLIIHUHQW FRXQWULHV￿ GLVFUHWH FKDQJH LQ SROLF\ ZKHUH QHZ LQLWLDWLYHV WDNH IRUP VXFK DV
WKH 3OD]D $JUHHPHQW￿ DV ZHOO DV H[RJHQRXV VKRFNV WR WKH GHFLVLRQ UXOH RI WKH PRQHWDU\
DXWKRULW\￿ (LFKHQEDXP DQG (YDQV ￿￿￿￿￿￿ FRQVLGHU WKUHH GLIIHUHQW W\SHV RI WKH ODWWHU W\SH
RI VKRFNV￿ $SSO\LQJ 9$5 WHFKQLTXHV￿ WKH\ ILQG WKDW FRQWUDFWLRQDU\ VKRFNV WR 8￿6￿
PRQHWDU\ SROLF\ UHVXOW LQ SHUVLVWHQW LQFUHDVHV LQ 8￿6￿ LQWHUHVW UDWHV DQG SHUVLVWHQW
GHFUHDVHV LQ WKH VSUHDG EHWZHHQ IRUHLJQ DQG 8￿6￿ LQWHUHVW UDWHV￿ &XVKPDQ DQG =KD ￿￿￿￿￿￿￿
.LP DQG 5XELQL ￿￿￿￿￿￿￿ &ODULGD DQG *HUWOHU ￿￿￿￿￿￿ UHDFK VLPLODU FRQFOXVLRQV￿ ZKHQ
DSSO\LQJ GLIIHUHQW PRQHWDU\ SROLF\ VKRFN PHDVXUHV WR WKH IRUHLJQ SROLF\ PDNHU¶V GHFLVLRQ
UXOH
￿￿ (LFKHQEDXP DQG (YDQV DWWULEXWH WKH VRXUFH RI WKHVH VKRFNV WR SROLWLFDO IDFWRUV￿
IDFWRUV SHUWDLQLQJ WR WKH YLHZV RI WKH PHPEHUV RI WKH )20&￿ DV ZHOO DV WHFKQLFDO IDFWRUV
VXFK DV PHDVXUHPHQW HUURU LQ WKH GDWD DYDLODEOH WR WKH )20&￿
7R LOOXVWUDWH WKH HYLGHQFH IRU VWUXFWXUDO FKDQJH LQ WKH IRUZDUG GLVFRXQW￿ ZH VWDUW
DQ $5￿￿￿ PRGHO￿ ZLWK D WLPH–YDU\LQJ DXWRUHJUHVVLYH SDUDPHWHU DQG 0DUNRY￿VZLWFKLQJ
YDULDQFH￿ 8VLQJ GDWD IURP *￿￿ FRXQWULHV￿ ZH ILQG WKDW WKH IRUZDUG GLVFRXQW DSSHDUV WR EH
KLJKO\ SHUVLVWHQW DW WKH YHU\ EHJLQQLQJ RI WKH VDPSOH DQG DJDLQ VWDUWLQJ DW WKH ODWH ￿￿￿￿V￿
DQG QRW EHIRUH￿ 7KH WLPLQJ RI WKH PRVW QRWLFHDEOH FKDQJHV LQ WKH WLPH￿YDU\LQJ FRHIILFLHQW
VXJJHVWV WKH SUHVHQFH RI PXOWLSOH VWUXFWXUDO EUHDNV￿ :KLOH WKLV PRGHO FDSWXUHV WKH
WHPSRUDO LQVWDELOLW\ RI WKH IRUZDUG GLVFRXQW LW GRHV QRW H[SODLQ LWV VRXUFH￿ %DVHG RQ WKH
LGHD WKDW FKDQJHV LQ WKH PHDQ RI D SURFHVV FDQ LQGXFH ERWK SDUDPHWHU LQVWDELOLW\ DQG
SHUVLVWHQFH LQ WKH $5 FRHIILFLHQW￿ ZH HVWLPDWH D VWRFKDVWLF PXOWLSOH EUHDN PRGHO￿ XVLQJ
WKH PHWKRGRORJ\ GHYHORSHG E\ %DL DQG 3HUURQ ￿￿￿￿￿￿￿ 6LPLODU DSSURDFKHV KDYH EHHQ
XVHG￿ IRU LQVWDQFH￿ E\ :DQJ DQG =LYRW ￿￿￿￿￿￿ LQ D %D\HVLDQ IUDPHZRUN￿ DV ZHOO DV E\
*DUFLD DQG 3HUURQ ￿￿￿￿￿￿ LQ WKHLU VWXG\LQJ RI UHDO LQWHUHVW UDWHV￿ LQ D 0DUNRY￿VZLWFKLQJ
IUDPHZRUN￿ ,QWHUHVWLQJO\ HQRXJK￿ ZH ILQG WKDW RQFH ZH DFFRXQW IRU VWUXFWXUDO EUHDNV LQ
WKH PHDQ RI WKH IRUZDUG GLVFRXQW￿ LW LV QRW DV SHUVLVWHQW￿ HYHQ DIWHU WKH ODWH ￿￿￿￿V￿
)LQDOO\￿ ZH LQYHVWLJDWH￿ XVLQJ 0RQWH &DUOR VLPXODWLRQV￿ WKH LPSOLFDWLRQV RI RXU
ILQGLQJ RI VWUXFWXUDO FKDQJH LQ WKH IRUZDUG GLVFRXQW IRU WKH IRUZDUG GLVFRXQW SX]]OH￿
￿ 7KHVH UHVXOWV￿ DV ZHOO DV WKH JHQHUDO LVVXHV FRQFHUQLQJ PRQHWDU\ SROLF\ VKRFNV￿ DUH GLVFXVVHG LQ JUHDW
GHWDLO LQ &KULVWLDQR￿ (LFKHQEDXP￿ DQG (YDQV ￿￿￿￿￿￿ ‡0RQHWDU\ 3ROLF\ 6KRFNV￿ :KDW +DYH :H /HDUQHG DQG
WR :KDW (QG"·￿
$VVXPLQJ WKDW WKH WUXH JHQHUDWLQJ SURFHVV RI WKH IRUZDUG GLVFRXQW LV JLYHQ E\ RXU
VWRFKDVWLF EUHDN PRGHO￿ ZH FRQVWUXFW VSRW DQG IRUZDUG UDWHV EDVHG RQ RXU HVWLPDWHG
SDUDPHWHUV￿ LPSRVH WKH 8QFRYHUHG ,QWHUHVW 3DULW\ +\SRWKHVLV DQG WHVW IRU XQELDVHGQHVV
XVLQJ HTXDWLRQ ￿￿￿￿ :H VKRZ WKDW HYHQ ZKHQ 8QFRYHUHG ,QWHUHVW 3DULW\ KROGV VR WKH WUXH E
FRHIILFLHQW LQ ￿￿￿ LV HTXDO WR ￿￿ WKH OHDVW VTXDUHV HVWLPDWH RI E LV VLJQLILFDQWO\ ELDVHG
GRZQZDUG￿ 7KHUHIRUH￿ DOWKRXJK RXU PRGHOLQJ VWUDWHJ\ RI WKH IRUZDUG GLVFRXQW LV GLIIHUHQW
WKDQ WKDW RI %DLOOLH DQG %ROOHUVOHY￿ ZH DUULYH WR D VLPLODU FRQFOXVLRQ￿ 7KH IRUZDUG
GLVFRXQW DQRPDO\ LV QRW DV EDG DV ZH WKLQN DQG LW LV￿ DW OHDVW SDUWO\￿ GXH WR WKH VWDWLVWLFDO
SURSHUWLHV RI WKH GDWD￿
7KH SODQ RI WKH SDSHU LV DV IROORZV￿ ,Q 6HFWLRQ ￿ ZH SUHVHQW VRPH VW\OL]HG IDFWV RI
H[FKDQJH UDWH GDWD￿ ,Q 6HFWLRQ ￿ ZH SUHVHQW WKH WZR DOWHUQDWLYH PRGHOV GHVLJQ WR FDSWXUH
VWUXFWXUDO FKDQJH LQ WKH IRUZDUG GLVFRXQW￿ ,Q VHFWLRQ ￿ ZH GLVFXVV WKH HPSLULFDO UHVXOWV￿ ,Q
VHFWLRQ ￿ ZH GHYHORS WKH 0RQWH &DUOR VLPXODWLRQV EDVHG RQ WKH HVWLPDWHG SDUDPHWHUV￿ :H
FRQFOXGH LQ VHFWLRQ ￿￿
￿￿ ([FKDQJH 5DWH GDWD
/HW VW GHQRWH WKH ORJ RI WKH VSRW H[FKDQJH UDWH LQ PRQWK W DQG IW GHQRWH WKH ORJ RI
WKH IRUZDUG H[FKDQJH UDWH LQ WKH VDPH PRQWK￿ :H FRQVLGHU PRQWKO\ GDWD IRU ZKLFK WKH
PDWXULW\ GDWH RI WKH IRUZDUG FRQWUDFW LV WKH VDPH DV WKH VDPSOLQJ LQWHUYDO￿ LQ RUGHU WR
DYRLG PRGHOLQJ FRPSOLFDWLRQV DULVLQJ IURP RYHUODSSLQJ GDWD￿ VR N  ￿ LQ ￿￿￿￿ 2XU
H[FKDQJH UDWHV DUH VSRW DQG IRUZDUG UDWHV ZKLFK DUH REWDLQHG IURP ’DWDVWUHDP￿ 7KH GDWD
DUH HQG RI PRQWK￿ DYHUDJH RI ELG DQG DVN UDWHV￿ IRU WKH *HUPDQ 0DUN￿ )UHQFK )UDQF￿
,WDOLDQ /LUD￿ &DQDGLDQ ’ROODU￿ %ULWLVK 3RXQG￿ DQG -DSDQHVH <HQ￿ ([FKDQJH UDWHV DUH
H[SUHVVHG DV WKH KRPH FRXQWU\ SULFH RI WKH IRUHLJQ FXUUHQF\￿ ZKHUH WKH IRUHLJQ FXUUHQF\
LV WKH 86 GROODU￿ 7KH\ VSDQ WKH SHULRG ￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿ H[FHSW LQ WKH FDVH RI -DSDQ ZKHUH
WKH\ VSDQ WKH SHULRG ￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿ $OO ORJV KDYH EHHQ PXOWLSOLHG E\ ￿￿￿￿ VR WKDW WKH
ILQDO VHULHV RI WKH IRUZDUG GLVFRXQW DQG FKDQJHV LQ WKH H[FKDQJH UDWHV￿ DUH H[SUHVVHG LQ
SHUFHQWDJH GLIIHUHQFHV￿ )LJXUH ￿ SORWV WKH IRUZDUG GLVFRXQW￿ IW ￿V W￿ IRU DOO WKH FXUUHQFLHV￿
1RWLFH WKDW WKH IRUZDUG GLVFRXQW LV PXFK PRUH YRODWLOH DW WKH EHJLQQLQJ RI WKH VDPSOH DQG
HVSHFLDOO\ VR EHWZHHQ ￿￿￿￿￿￿￿￿ 7DEOH ￿ JLYHV VRPH VXPPDU\ VWDWLVWLFV RI WKH GDWD￿ 6SRW
DQG IRUZDUG UDWHV EHKDYH YHU\ VLPLODUO\ DQG H[KLELW UDQGRP ZDON W\SH EHKDYLRU￿ 7KH￿
IRUZDUG SUHPLXPV DUH DOO KLJKO\ DXWRFRUUHODWHG￿ 7KH YDULDQFHV RI ’VW￿￿ DQG ’IW￿￿ DUH
URXJKO\ WHQ WLPHV ODUJHU WKDQ WKH YDULDQFH RI WKH IRUZDUG GLVFRXQW￿ )LQDOO\￿ ZLWK WKH
H[FHSWLRQ RI )UDQFH DQG ,WDO\￿ IRU DOO FXUUHQFLHV￿ ’VW￿￿ DQG ’IW￿￿ DUH QHJDWLYHO\ FRUUHODWHG
ZLWK IW￿VW￿
￿￿ 7KH 0RGHOV
*RGERXW DQG YRQ 1RUGHQ ￿￿￿￿￿￿￿ 0DUN HW DO ￿￿￿￿￿￿￿ DQG =LYRW ￿￿￿￿￿￿ DPRQJ RWKHUV￿
VKRZ WKDW WKH VW\OL]HG IDFWV RI WKH PRQWKO\ H[FKDQJH UDWH GDWD UHSRUWHG LQ WKH SUHYLRXV
VHFWLRQ FDQ EH FDSWXUHG E\ D VLPSOH FRLQWHJUDWHG 9$5￿￿￿ PRGHO IRU \W  ￿IW￿VW￿¶￿
W W W \ \ H P ￿ 3 ￿   ’ ￿￿ ￿￿￿
ZKHUH HW a LLG ￿￿￿ 6￿ DQG 6 KDV HOHPHQWV VLM ￿L￿M  I￿V￿￿ 8QGHU WKH DVVXPSWLRQ WKDW VSRW DQG
IRUZDUG UDWHV DUH ,￿￿￿ DQG FRLQWHJUDWHG￿ 3 KDV UDQN ￿ DQG WKHUH H[LVW ￿u ￿ YHFWRUV E DQG J
VXFK WKDW 3   EJ¶￿ 8VLQJ WKH QRUPDOL]DWLRQ J ￿￿￿ ￿JV￿¶￿ ￿￿￿ EHFRPHV D YHFWRU HUURU
FRUUHFWLRQ PRGHO ￿9(&0￿ ZLWK HTXDWLRQV￿
￿ ￿ ￿ ￿ ￿ IW W V W I I W V I I H J E P ￿ ￿ ￿   ’ ￿ ￿ ￿￿D￿
￿ ￿ ￿ ￿ ￿ VW W V W V V W V I V H J E P ￿ ￿ ￿   ’ ￿ ￿ ￿￿E￿
6LQFH VSRW DQG IRUZDUG UDWHV XVXDOO\ GR QRW H[KLELW D V\VWHPDWLF WHQGHQF\ WR GULIW XS RU
GRZQ LW PD\ EH PRUH DSSURSULDWH WR UHVWULFW WKH LQWHUFHSWV LQ ￿￿￿ WR WKH HUURU FRUUHFWLRQ
WHUP￿ VR WKDW PI  ￿ EIPF DQG PV  ￿ EVPF￿ 8QGHU WKLV UHVWULFWLRQ VW DQG IW DUH ,￿￿￿ ZLWKRXW
GULIW DQG WKH FRLQWHJUDWLQJ UHVLGXDO￿ IW￿JVVW￿ LV DOORZHG WR KDYH D QRQ￿]HUR PHDQ PF￿
:LWK WKH LQWHUFHSWV LQ ￿￿￿ UHVWULFWHG WR WKH HUURU FRUUHFWLRQ WHUP￿ WKH 9(&0 FDQ EH
VROYHG WR JLYH D VLPSOH $5￿￿￿ PRGHO IRU WKH FR￿LQWHJUDWLQJ UHVLGXDO J
¶\W￿ PF I W￿JVVW￿ PF￿
W F W V W F W V W V I V I K P J I P J ￿ ￿ ￿   ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿￿￿
ZKHUH I  ￿￿J¶E  ￿￿￿ EI ￿ JVEV￿ DQG KW   J¶HW   HIW ￿ JVHVW￿
1RWLFH WKDW DFFRUGLQJ WR ￿￿￿ LI JV  ￿ ￿ WKHQ WKH IRUZDUG GLVFRXQW LV ,￿￿￿ DQG IROORZV DQ
$5￿￿￿ SURFHVV DQG WKH 9(&0 ￿￿￿ EHFRPHV
￿ ￿ ￿ ￿ ￿ IW W W I I W V I I H E P ￿ ￿ ￿   ’ ￿ ￿ ￿￿D￿￿
￿ ￿ ￿ ￿ ￿ VW W W V V W V I V H E P ￿ ￿ ￿   ’ ￿ ￿ ￿￿E￿
￿￿E￿ LV H[DFWO\ HTXDWLRQ ￿￿￿ ZKLFK LV XVHG WR WHVW WKH )58+￿ ZKHUH E   EV￿ =LYRW￿￿￿￿￿￿
HVWLPDWHV JV XVLQJ 6WRFN DQG :DWVRQ¶V ￿￿￿￿￿￿ G\QDPLF 2/6 ￿’2/6￿ DQG G\QDPLF */6
￿’*/6￿ OHDG￿ODJ HVWLPDWRU￿ DQG -RKDQVHQ¶V ￿￿￿￿￿￿ UHGXFHG UDQN 0/(￿ 7KH K\SRWKHVLV
WKDW JV  ￿FDQQRW EH UHMHFWHG XVLQJ WKH DSSURSULDWH DV\PSWRWLF W￿WHVWV￿ =LYRW DOVR XVHV WKH
+RUYDWK￿:DWVRQ ￿￿￿￿￿￿ :DOG WHVW￿ WR WHVW WKH QXOO RI QR FR￿LQWHJUDWLRQ￿ LPSRVLQJ WKH
FRLQWHJUDWLQJ YHFWRU ￿￿￿￿￿￿¶ DQG UHMHFWV WKH QXOO RI QR FR￿LQWHJUDWLRQ DW WKH ￿￿ OHYHO IRU DOO
WKH H[FKDQJH UDWHV LQ KLV VDPSOH￿
:H FKRRVH WR PRGHO WKH IRUZDUG GLVFRXQW DV WKH $5￿￿￿ SURFHVV WKDW LV LPSOLHG
IURP 9(&0 ￿￿￿￿ 6LQFH RXU SXUSRVH LV WR PRGHO DQG KRSHIXOO\ FDSWXUH VWUXFWXUDO FKDQJH
HIIHFWV￿ ZH ORRN DW WZR GLIIHUHQW NLQGV RI PRGHOV￿ 7KH ILUVW PRGHO LV D K\EULG RI D WLPH￿
YDU\LQJ SDUDPHWHU PRGHO DQG D 0DUNRY￿VZLWFKLQJ PRGHO￿ 6SHFLILFDOO\ ZH ORRN DW D WLPH￿
YDU\LQJ DXWRUHJUHVVLYH FRHIILFLHQW ZLWK 0DUNRY￿VZLWFKLQJ YDULDQFH PRGHO￿ 7KH LGHD KHUH
LV WKDW VWUXFWXUDO FKDQJH LV EHWWHU FDSWXUHG LQ D FRQWLQXRXV IUDPHZRUN IRU VRPH RI WKH
K\SHU￿SDUDPHWHUV RI WKH SURFHVV￿ ZKLOH GLVFUHWH FKDQJHV DUH PRUH DSSURSULDWH IRU RWKHUV￿
3ORWV RI WKH HVWLPDWHG WLPH￿YDU\LQJ FRHIILFLHQWV SURYLGH XV ZLWK LQIRUPDWLRQ RQ KRZ
VWUXFWXUDO FKDQJH WDNHV SODFH FRQWLQXRXVO\ RYHU WLPH￿ :H PRGHO WKH YDULDQFH DV D
0DUNRY￿VZLWFKLQJ SURFHVV LQ RUGHU WR FDSWXUH WKH VW\OL]HG IDFW RI KLJK DQG ORZ YRODWLOLW\
UHJLPHV LQ WKH IRUZDUG GLVFRXQW SURFHVV￿
7KH VHFRQG PRGHO LV RQH RI PXOWLSOH VWRFKDVWLF VWUXFWXUDO EUHDNV GXH WR %DL DQG
3HUURQ ￿￿￿￿￿￿￿ %3 KHUHDIWHU￿ :H XVH WKLV PRGHO WR FDSWXUH EUHDNV LQ WKH PHDQ RI WKH OHYHO
RI WKH IRUZDUG GLVFRXQW WKDW FRXOG SRWHQWLDOO\ KDYH WZR HIIHFWV￿ )LUVW￿ LQ D UHJXODU
UHJUHVVLRQ ZKHUH EUHDNV DUH QRW DFFRXQWHG IRU￿ WKH\ FRXOG ELDV WKH DXWRUHJUHVVLYH
FRHIILFLHQW XSZDUG￿ 6HFRQG￿ D VWUXFWXUDO EUHDN LQ WKH PHDQ KDV D PRUH QDWXUDO
LQWHUSUHWDWLRQ DV WKH GLUHFW HIIHFW RI DQ HFRQRPLF VKRFN WR WKH OHYHO RI D SURFHVV￿ WKDW
FRXOG DOVR H[SODLQ WKH WHPSRUDO YDULDWLRQ LQ WKH WLPH￿YDU\LQJ SDUDPHWHU PRGHO￿
￿￿￿ 7KH 7LPH￿YDU\LQJ &RHIILFLHQW ZLWK 0DUNRY￿VZLWFKLQJ 9DULDQFH 0RGHO
2QH ZD\ WR PRGHO WLPH YDULDWLRQ LQ D UHJUHVVLRQ FRHIILFLHQW LV WR WUHDW LW DV DQ
XQREVHUYHG FRPSRQHQW ZKLFK HYROYHV DFFRUGLQJ WR D WUDQVLWLRQ HTXDWLRQ￿ :H VWDUW ZLWK￿
DQ $5￿￿￿ SURFHVV IRU WKH IRUZDUG GLVFRXQW DV LQ ￿￿￿￿ EXW DVVXPH WKDW WKH DXWRUHJUHVVLYH
FRHIILFLHQW I LV WLPH￿YDU\LQJ
W F W W W F W W V I V I K P I P ￿ ￿ ￿   ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿￿￿
ZKHUH PF LV WKH PHDQ RI WKH SURFHVV￿ ZKLFK IRU WKH WLPH EHLQJ LV DVVXPHG WR EH FRQVWDQW
RYHU WLPH DQG IW LV WKH WLPH￿YDU\LQJ FRHIILFLHQW￿ :H DVVXPH WKDW IW IROORZV D UDQGRP ZDON
SURFHVV
W W W Y ￿   ￿￿ I I ￿￿￿￿
ZKHUH YW LV DQ LLG￿￿￿ VY
￿￿ SURFHVV￿ LQGHSHQGHQW RI KW￿
(QJOH DQG :DWVRQ ￿￿￿￿￿￿ VXJJHVW WKDW IRU PRVW HFRQRPLF VHULHV D XQLW URRW
VSHFLILFDWLRQ IRU WKH HYROXWLRQ RI WKH XQREVHUYHG FRPSRQHQWLV DSSURSULDWH￿ *DUEDGH
￿￿￿￿￿￿ VKRZV XVLQJ 0RQWH &DUOR VLPXODWLRQV WKDW D UDQGRP ZDON VSHFLILFDWLRQ LV D
SDUVLPRQLRXV ZD\ RI PRGHOLQJ WKH WUDQVLWLRQ HTXDWLRQ RI UHJUHVVLRQ FRHIILFLHQWV DV ORQJ
DV WKH WUXH SDUDPHWHUV IROORZV D SHUVLVWHQW $5￿￿￿ SURFHVVHV￿
7R FRPSXWH WKH KLJK DQG ORZ YRODWLOLW\ VWDWHV RI WKH IRUZDUG GLVFRXQW￿ ZH VSHFLI\
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ZKHUH WKH VWDWH YDULDEOH 6W IROORZV D ILUVW RUGHU 0DUNRY SURFHVV ZLWK WUDQVLWLRQ
SUREDELOLWLHV JLYHQ E\￿
S 6 6 W W       ￿ @ ￿ _ ￿ 3U> ￿ DQG T 6 6 W W       ￿ @ ￿ _ ￿ 3U> ￿
7KH HVWLPDWHV RI WKH K\SHU￿SDUDPHWHUV FDQ EH REWDLQHG YLD PD[LPXP OLNHOLKRRG
HVWLPDWLRQ EDVHG RQ WKH SUHGLFWLRQ HUURU GHFRPSRVLWLRQ RI WKH ORJ OLNHOLKRRG￿ DV LQ .LP
DQG 1HOVRQ ￿￿￿￿￿￿￿
￿
￿ )RU GHWDLOV DERXW WKH ILOWHU DQG SDUDPHWHU HVWLPDWLRQ￿ VHH $SSHQGL[ ￿￿$￿￿￿
￿￿￿ 3DUWLDO 6WUXFWXUDO %UHDN 0RGHO
$OWKRXJK WKH WLPH￿YDU\LQJ SDUDPHWHU PRGHO DSSHDUV WR EH DGHTXDWH LQ FDSWXULQJ
WKH HVVHQWLDO WLPH￿VHULHV SURSHUWLHV RI WKH IRUZDUG GLVFRXQW￿ LW RQO\ SURYLGHV XV ZLWK
LQIHUHQFHV RQ KRZ WKH IRUZDUG GLVFRXQW EHKDYLRU KDV FKDQJHG RYHU WLPH￿ 0RUH
VSHFLILFDOO\￿ LW WHOOV XV KRZ WKH SHUVLVWHQFH KDV YDULHG RYHU WLPH :H DUH DOVR LQWHUHVWHG WR
ILQG RXW ZK\ WKH IRUZDUG GLVFRXQW EHKDYLRU KDV FKDQJHG￿ :H K\SRWKHVL]H WKDW VWUXFWXUDO
EUHDNV LQ WKH PHDQ DUH PDLQO\ UHVSRQVLEOH IRU LQIODWLQJ WKH HVWLPDWHG SHUVLVWHQFH￿ ,I RXU
SULRU KDV VRPH PHULW￿ DFFRXQWLQJ IRU VXFK VWUXFWXUDO EUHDNV VKRXOG WDNH DZD\ ZKDW ZH
KRSH WR EH FRQVLGHUDEOH XSZDUG ELDV IURP WKH DXWRUHJUHVVLYH FRHIILFLHQW￿ 6LQFH LW GRHV QRW
VHHP WKDW UHVWULFWLQJ WKH QXPEHU RI GLIIHUHQW UHJLPHV LV DSSURSULDWH￿ ZH WXUQ WR WKH FODVV
RI PRGHOV GHYHORSHG E\ %DL DQG 3HUURQ ￿￿￿￿￿￿￿ %3 KHUHDIWHU￿
%3 FRQVLGHU PXOWLSOH VWUXFWXUDO FKDQJHV LQ D OLQHDU UHJUHVVLRQ PRGHO￿ ZKLFK LV
HVWLPDWHG E\ PLQLPL]LQJ WKH VXP RI VTXDUHG UHVLGXDOV￿ 7KH\ FRQVLGHU PRGHOV RI ERWK
SXUH VWUXFWXUDO FKDQJH￿ ZKHUH DOO WKH FRHIILFLHQWV DUH VXEMHFW WR VXFK FKDQJH￿ DQG SDUWLDO
VWUXFWXUDO FKDQJH PRGHOV￿ ZKHUH RQO\ VRPH RI WKH SDUDPHWHUV DUH VXEMHFW WR FKDQJH￿ :H
XVH WKH SDUWLDO VWUXFWXUDO FKDQJH PRGHO￿ VLQFH ZH ZDQW WR DGGUHVV SRWHQWLDO WKH XSZDUG
ELDV WR WKH DXWRUHJUHVVLYH FRHIILFLHQW RI WKH IRUZDUG GLVFRXQW￿ 7KH JHQHUDO IRUP RI WKLV
PRGHO LV JLYHQ E\￿
W W W M W W X V I F V I ￿ ￿ ￿   ￿ ￿ ￿ ￿ ￿ ￿ ￿ I W 7 M￿￿￿￿￿￿￿￿￿7M ￿￿￿￿
IRU M ￿￿￿￿￿￿P￿￿ DQG 7￿  ￿DQG 7P￿￿  7 ￿ 7KH SURFHVV LV VXEMHFW WR P EUHDNV￿ FM LV WKH
FRQVWDQW RI WKH UHJUHVVLRQ
￿￿ VXEMHFW WR VWUXFWXUDO FKDQJH￿ I LV WKH DXWRUHJUHVVLYH
FRHIILFLHQW RI WKH ODJJHG IRUZDUG GLVFRXQW￿ ZKLFK LV QRW VXEMHFW WR VWUXFWXUDO FKDQJH DQG
LV HVWLPDWHG XVLQJ WKH HQWLUH VDPSOH￿ ￿7￿￿￿￿￿￿7￿ DUH WKH XQNQRZQ EUHDN SRLQWV￿ 8VLQJ %3¶V
WHFKQLTXH ZH DUH DEOH WR HVWLPDWH WKH UHJUHVVLRQ FRHIILFLHQWV DORQJ ZLWK WKH EUHDN SRLQWV￿
JLYHQ 7 REVHUYDWLRQV RI WKH IRUZDUG GLVFRXQW￿ %ULHIO\ WKH PHWKRG RI HVWLPDWLRQ LV DV
IROORZV￿ ,Q WKH FDVH RI D SXUH VWUXFWXUDO EUHDN PRGHO￿ L￿H￿￿ ERWK F DQG I FKDQJH￿ IRU HDFK
SRVVLEOH P￿SDUWLWLRQ ￿7￿￿￿￿￿￿7P￿ WKH OHDVW VTXDUHV HVWLPDWRUV RI F DQG I DUH REWDLQHG E\










PLQLPL]LQJ WKH VXP RI VTXDUH UHVLGXDOV￿ 7KHQ WKH HVWLPDWHG EUHDN SRLQWV DUH WKH RQHV IRU
ZKLFK
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ZKHUH 67￿7￿￿￿￿￿￿7P￿ GHQRWHV WKH VXP RI VTXDUHG UHVLGXDOV￿ 6LQFH WKH PLQLPL]DWLRQ WDNHV
SODFH RYHU DOO SRVVLEOH SDUWLWLRQV￿ WKH EUHDN￿SRLQW HVWLPDWRUV DUH JOREDO PLQLPL]HUV￿ %3
XVH D YHU\ HIILFLHQW DOJRULWKP IRU HVWLPDWLQJ WKH EUHDN SRLQWV ZKLFK LV EDVHG RQ G\QDPLF
SURJUDPPLQJ WHFKQLTXHV￿ %3 VKRZ WKDW WKH EUHDN IUDFWLRQV 7 L 7 L N ￿
A A
  FRQYHUJH WR WKHLU
WUXH YDOXH ￿
L N DW D UDWH 7￿ PDNLQJ WKH HVWLPDWHG EUHDN IUDFWLRQV VXSHU￿FRQVLVWHQW￿ %3 DOVR
VKRZ WKDW WKH GLVWDQFH EHWZHHQ WKH WUXH DQG WKH HVWLPDWHG EUHDN GDWHV LV ERXQGHG ZLWK D
SUREDELOLW\ DUELWUDULO\ FORVH WR ￿￿ E\ D FRQVWDQW ZKLFK LV LQGHSHQGHQW RI WKH VDPSOH VL]H￿
+HQFH￿ ZH FDQ HVWLPDWH WKH UHVW RI WKH SDUDPHWHUV￿ ZKLFK FRQYHUJH WR WKHLU WUXH YDOXHV DW
UDWH 7
￿￿￿￿ WDNLQJ WKH EUHDN GDWHV DV FRQVWDQW￿ ,Q WKH SDUWLDO VWUXFWXUDO EUHDN PRGHO FDVH￿ ZH
FDQ HVWLPDWH WKH FMV RYHU WKH VXE￿VDPSOHV GHILQHG E\ WKH EUHDN SRLQWV￿ EXW WKH HVWLPDWH RI
I GHSHQGV RQ WKH RSWLPDO SDUWLWLRQ ￿7￿￿￿￿￿￿7P￿￿ %3 PRGLI\ D UHFXUVLYH SURFHGXUH GLVFXVVHG
LQ 6DUJDQ ￿￿￿￿￿￿ WKDW PDNHV WKH HVWLPDWLRQ SRVVLEOH ￿
￿ %ULHIO\￿ WKH\ ILUVW PLQLPL]H WKH
VXP RI VTXDUH UHVLGXDOV ZLWK UHVSHFW WR WKH YHFWRU RI WKH FKDQJLQJ SDUDPHWHUV￿ NHHSLQJ I
IL[HG DQG WKHQ PLQLPL]H ZLWK UHVSHFW WR ERWK WKH YHFWRU RI FKDQJLQJ SDUDPHWHUV DQG I￿
)RU DSSURSULDWH LQLWLDO YDOXHV RI I￿ FRQYHUJHQFH WR WKH JOREDO PLQLPXP LV DWWDLQHG￿ LQ
PRVW FDVHV DIWHU RQO\ RQH LWHUDWLRQ￿ %3¶V SURFHGXUH DOORZV IRU WKH HVWLPDWLRQ RI WKH
SDUDPHWHUV DQG WKH FRQILGHQFH LQWHUYDOV XQGHU YHU\ JHQHUDO FRQGLWLRQV UHJDUGLQJ WKH
VWUXFWXUH RI WKH GDWD DQG WKH HUURUV DFURVV VHJPHQWV￿ ,Q SDUWLFXODU￿ WKHLU PHWKRG LV UREXVW
WR KHWHURJHQHRXV YDULDQFHV RI WKH UHVLGXDOV￿ ZKLFK LV WKH FDVH ZH DUH LQWHUHVWHG LQ￿
￿￿ (PSLULFDO 5HVXOWV
%HIRUH ZH SURFHHG GLVFXVVLQJ WKH UHVXOWV RI WKH PRGHOV SUHVHQWHG LQ WKH SUHYLRXV
VHFWLRQ LW LV XVHIXO WR SUHVHQW WKH VWDQGDUG 2/6 UHVXOWV IRU ERWK WKH GLIIHUHQFHV UHJUHVVLRQ
DQG WKH IRUZDUG GLVFRXQW ZLWKRXW DFFRXQWLQJ IRU VWUXFWXUDO FKDQJH￿ 7DEOH ￿D SUHVHQWV￿￿
2/6 HVWLPDWHV RI WKH GLIIHUHQFHV UHJUHVVLRQ DV ZHOO DV W￿VWDWLVWLFV IRU WKH K\SRWKHVLV WKDW
E ￿￿ 2/6 HVWLPDWHV RI DQ $5￿￿￿ VSHFLILFDWLRQ RI WKH IRUZDUG GLVFRXQW LV SUHVHQWHG LQ
WDEOH ￿E￿ 1RWLFH WKDW WKH E HVWLPDWHV IRU WKH )UHQFK )UDQF DQG WKH ,WDOLDQ /LUD DUH SRVLWLYH
DQG DUH QRW VWDWLVWLFDOO\ GLIIHUHQW WKDQ ￿ DW WKH ￿￿￿ VLJQLILFDQFH OHYHO￿ DOWKRXJK WKH SRLQW
HVWLPDWHV DUH ￿￿￿￿￿ DQG ￿￿￿￿￿ UHVSHFWLYHO\￿ ,Q WKH FDVH RI *HUPDQ\￿ E LV GLIIHUHQW WKDQ ￿
DW WKH ￿￿￿ EXW QRW WKH ￿￿￿ VLJQLILFDQFH OHYHO￿ )RU &DQDGD￿ 8.￿ DQG -DSDQ￿ WKH SRLQW
HVWLPDWHV￿ DV ZHOO DV WKH W￿WHVWV FRQILUP WKH XVXDO ILQGLQJ RI WKH IRUZDUG GLVFRXQW EHLQJ D
ELDVHG SUHGLFWRU RI WKH FKDQJH LQ WKH IXWXUH VSRW UDWH￿ ,Q DOO FDVHV￿5
￿ LV YHU\ VPDOO￿
UDQJLQJ IURP ￿￿￿￿￿ LQ WKH FDVH RI WKH )UHQFK )UDQF￿ WR ￿￿￿￿￿ IRU WKH -DSDQHVH <HQ￿ $OVR
QRWLFH LQ WDEOH ￿E WKDW IRU )UDQFH DQG ,WDO\￿ WKH IRUZDUG GLVFRXQW DSSHDUV WR EH OHVV
SHUVLVWHQW WKDQ LQ WKH RWKHU FRXQWULHV￿
￿￿￿ 7LPH￿9DU\LQJ 3DUDPHWHU ZLWK 0DUNRY￿6ZLWFKLQJ 9DULDQFH 0RGHO
)LJXUH ￿ GLVSOD\V WKH UHVXOWV RI WKH PRGHO DSSOLHG WR WKH VL[ FXUUHQFLHV￿ 7KH
ILOWHUHG LQIHUHQFHV XVH LQIRUPDWLRQ XS WR WLPH W￿ DQG VPRRWKHG LQIHUHQFHV XVH LQIRUPDWLRQ
IURP WKH HQWLUH VDPSOH￿ DOWKRXJK DOO LQIHUHQFHV DUH FRQGLWLRQDO RQ WKH K\SHU￿SDUDPHWHUV RI
WKH PRGHO￿ ZKLFK DUH HVWLPDWHG XVLQJ WKH HQWLUH VDPSOH￿ :LWK WKH H[FHSWLRQ RI -DSDQ￿ IW
H[KLELWV VXEVWDQWLDO WLPH YDULDWLRQ￿ )RU WKH FRXQWULHV ZKHUH WLPH￿YDULDWLRQ LV SUHVHQW￿ WKH
IRUZDUG GLVFRXQW LV QRW KLJKO\ SHUVLVWHQW WKURXJKRXW￿ 7\SLFDOO\￿ WKH IRUZDUG GLVFRXQW
VWDUWV RXW TXLWH SHUVLVWHQW DW WKH EHJLQQLQJ RI WKH VDPSOH RQO\ WR GHFOLQH GXULQJ WKH ILUVW
SDUW RI WKH ￿￿￿￿V￿ DV ORZ DV ￿￿￿￿ LQ WKH FDVH RI *HUPDQ\ IRU H[DPSOH￿ ,W EHFRPHV YHU\
SHUVLVWHQW DJDLQ VWDUWLQJ URXJKO\ DW ￿￿￿￿￿ ,Q DOO WKH FDVHV FRQVLGHUHG￿ DIWHU WKDW \HDU IW
DEUXSWO\ ULVHV WRZDUG RU HYHQ DERYH XQLW\ DQG FRQWLQXHV WR H[KLELW XQLW￿URRW￿OLNH EHKDYLRU
XQWLO ￿￿￿￿￿ $ SRVVLEOH LQWHUSUHWDWLRQ IRU WKLV EHKDYLRU FRXOG EH JLYHQ DORQJ WKH OLQHV RI
6LNORV DQG *UDQJHU ￿￿￿￿￿￿￿ 7KHUH H[LVW SURFHVVHV ZKLFK DUH FRLQWHJUDWHG PRVW RI WKH WLPH
EXW QRW DOO WKH WLPH￿ 3HUKDSV IRUZDUG DQG VSRW H[FKDQJH UDWHV IDOO LQWR WKLV FDWHJRU\￿
:KLOH WKLV LV DQ LVVXH WKDW GHVHUYHV IXUWKHU LQYHVWLJDWLRQ￿ ZH FRQWLQXH WR DVVXPH
WKURXJKRXW WKH UHVW RI WKH SDSHU WKDW VSRW DQG IRUZDUG UDWHV DUH DQG UHPDLQ FRLQWHJUDWHG
ZLWK D FRLQWHJUDWLQJ YHFWRU RI ￿￿￿￿￿￿¶￿
￿ 7KH FRPSOHWH GHWDLOV RI WKH HVWLPDWLRQ WHFKQLTXH FDQ EH IRXQG LQ %DL DQG 3HUURQ ￿￿￿￿￿￿ ‡&RPSXWDWLRQ
DQG $QDO\VLV RI 0XOWLSOH 6WXFWXUDO &KDQJH 0RGHOV￿·￿￿
7DEOH ￿D UHSRUWV WKH PD[LPXP OLNHOLKRRG HVWLPDWHV RI WKH K\SHU￿SDUDPHWHUV￿
$JDLQ￿ ZLWK WKH H[FHSWLRQ RI -DSDQ￿ WKH HVWLPDWHV RI WKH YDULDQFH IRU WKH WLPH￿YDU\LQJ
FRHIILFLHQW DUH DOO VLJQLILFDQW DQG RI WKH VDPH RUGHU RI PDJQLWXGH DV WKH HVWLPDWHV RI WKH
YDULDQFH IRU WKH IRUZDUG GLVFRXQW SURFHVV LQ WKH ORZ YDULDQFH UHJLPH￿ 7KH OLNHOLKRRG UDWLR
WHVW VWDWLVWLFV IRU WKH QXOO K\SRWKHVLV RI QR WLPH YDULDWLRQ DUH SUHVHQWHG LQ WDEOH ￿E￿ )RU
*HUPDQ\￿ )UDQFH￿ ,WDO\￿ DQG &DQDGD￿ WKH QXOO K\SRWKHVLV RI SDUDPHWHU VWDELOLW\ FDQ EH
UHMHFWHG DW WKH ￿￿ OHYHO￿ ZKLOH IRU WKH 8. WKH VDPH K\SRWKHVLV FDQ EH UHMHFWHG DW WKH ￿￿
OHYH￿ +RZHYHU￿ SDUDPHWHU VWDELOLW\ FDQQRW EH UHMHFWHG LQ WKH FDVH RI -DSDQ￿ HYHQ DW WKH
￿￿￿ OHYHO￿ 7DEOH ￿E DOVR SUHVHQWV OLNHOLKRRG UDWLR WHVWV IRU WKH K\SRWKHVLV RI FRQVWDQW
YDULDQFH￿ ,W VKRXOG EH QRWHG KHUH WKDW VLQFH WKH WUDQVLWLRQ SUREDELOLWLHV DUH QRW LGHQWLILHG
XQGHU WKH QXOO K\SRWKHVLV￿ VWDQGDUG DVVXPSWLRQV RI DV\PSWRWLF GLVWULEXWLRQ WKHRU\ GR QRW
KROG DQG WKH OLNHOLKRRG UDWLR WHVW GRHV QRW KDYH D F
￿ GLVWULEXWLRQ￿ +DQVHQ ￿￿￿￿￿￿ VXJJHVWV
D FRPSXWDWLRQDOO\ LQWHQVLYH PHWKRG WR GHWHUPLQH WKH DV\PSWRWLF GLVWULEXWLRQV RI WKH
UHOHYDQW VWDWLVWLFV￿ ,QVWHDG￿ IROORZLQJ .LP￿ 0RUOH\ DQG 1HOVRQ ￿￿￿￿￿￿ ZH XVH D OLNHOLKRRG
UDWLR WHVW XVLQJ WKH FULWLFDO YDOXHV RI *DUFLD ￿￿￿￿￿￿￿ *DUFLD GHULYHV DV\PSWRWLF






V V   + ￿ LV RQH RI QR 0DUNRY￿VZLWFKLQJ￿ :H FRPSDUH WKHVH HVWLPDWHV WR *DUFLD¶V
PRVW FRQVHUYDWLYH FULWLFDO YDOXHV IRU D WZR￿VWDWH 0DUNRY￿VZLWFKLQJ PHDQ DQG YDULDQFH
PRGHO￿ +H UHSRUWV D FULWLFDO YDOXH RI ￿￿￿￿￿ IRU D ￿￿ VLJQLILFDQFH OHYHO WHVW￿ 7KH
OLNHOLKRRG VWDWLVWLFV IRU DOO WKH FRXQWULHV LQ RXU VDPSOH DUH PXFK KLJKHU WKDQ WKLV FULWLFDO
YDOXH￿
)LJXUH ￿ GLVSOD\V WKH ILOWHUHG DQG VPRRWKHG SUREDELOLWLHV RI D ORZ YDULDQFH VWDWH￿
7KH UHVXOWV DUH YHU\ VLPLODU DFURVV WKH GLIIHUHQW FRXQWULHV￿ ,W DSSHDUV WKDW WKH PRVW YRODWLOH
VWDWH ZDV WKH SHULRG GXULQJ WKH ODWWHU SDUW RI WKH ￿￿￿￿V DQG WKH EHJLQQLQJ RI WKH ￿￿￿￿V￿
&KDQJHV LQ PRQHWDU\ SROLF\￿ DEDQGRQPHQW RI LQWHUHVW UDWHV DV DQ LQVWUXPHQW DQG DWWHQWLRQ
WR WKH PRQHWDU\ EDVH￿ DV ZHOO DV WKH ￿￿￿￿￿￿￿ UHFHVVLRQ LQ WKH 8QLWHG 6WDWHV VHHP WR EH WKH
GULYLQJ IRUFH￿ 2WKHU KLJK YRODWLOLW\ SHULRGV DSSHDU PRVWO\ DV VSLNHV GXULQJ ￿￿￿￿￿ ULJKW
DIWHU WKH 3OD]D $FFRUG $JUHHPHQW￿ DQG DJDLQ LQ 6HSWHPEHU RI ￿￿￿￿￿ ZKHQ WKH (50
FROODSVHG￿ :KLOH ZH GR QRW H[SOLFLWO\ PRGHO SRVVLEOH YRODWLOLW\ IHHGEDFN HIIHFWV WR WKH￿￿
PHDQ RI WKH IRUZDUG GLVFRXQW￿ ILJXUH ￿ UDLVHV WKH SRVVLELOLW\ WKDW WKH IRUZDUG GLVFRXQW LV
SRWHQWLDOO\ VXEMHFW WR HYHQWV WKDW FRXOG OHDG WR VWUXFWXUDO FKDQJH￿
7DEOH ￿ SUHVHQWV VRPH GLDJQRVWLF WHVWV IRU WKH PRGHO￿ :H WHVW IRU VHULDO
FRUUHODWLRQ LQ ERWK VWDQGDUGL]HG IRUHFDVW HUURUV DQG WKH VTXDUHV RI WKH VWDQGDUGL]HG
IRUHFDVW HUURUV￿ 7KHUH LV HYLGHQFH RI VHULDO FRUUHODWLRQ IRU *HUPDQ\ DQG &DQDGD IRU WKH
VWDQGDUGL]HG IRUHFDVW HUURUV￿ DV ZHOO DV HYLGHQFH RI VHULDO FRUUHODWLRQ IRU *HUPDQ\￿ )UDQFH
DQG OHVV VR 8. LQ WKH VTXDUH RI WKH VWDQGDUGL]HG IRUHFDVW HUURUV￿ 7KLV HYLGHQFH VXJJHVWV
WKDW RXU WZR￿VWDWH 0DUNRY￿VZLWFKLQJ YDULDQFH PRGHO KDV QRW FDSWXUHG FRPSOHWHO\ WKH
KHWHURVNHGDVWLFLW\ SDWWHUQ RI WKH IRUZDUG GLVFRXQW IRU WKHVH FRXQWULHV￿
￿ +RZHYHU￿ WKH
WLPH￿YDU\LQJ SDUDPHWHU PRGHO VHHPV WR DGHTXDWHO\ FDSWXUH WKH WLPH VHULHV SURSHUWLHV RI
WKH IRUZDUG GLVFRXQW SURFHVV￿
7KH HVWLPDWHV RI WKH DXWRUHJUHVVLYH FRHIILFLHQW SURYLGH HYLGHQFH RI SDUDPHWHU
LQVWDELOLW\￿ ZKLOH WKH WZR GLVWLQFW DQG SHUVLVWHQW UHJLPHV RI WKH YDULDQFH VXJJHVW WKDW
FKDQJHV LQ SROLF\ FRXOG VXEVWDQWLDOO\ DIIHFW WKH YRODWLOLW\ RI WKH IRUZDUG GLVFRXQW￿ +LJK
YDULDQFH UHJLPHV DUH VLJQLILFDQW DQG DUH FRQVLVWHQW ZLWK SHULRGV ZKHUH SROLF\ FKDQJHV DUH
LQ HIIHFW￿ 7KH WLPH￿YDU\LQJ SDUDPHWHU PRGHO GHVFULEHV KRZ WKH IRUZDUG GLVFRXQW EHKDYLRU
KDV FKDQJHG RYHU WLPH￿ 7KH QH[W TXHVWLRQ WKDW ZH DUH LQWHUHVWHG LQ DGGUHVVLQJ LV ZK\ KDV
WKLV EHKDYLRU FKDQJHG RYHU WKH SHULRG RI RXU VDPSOH￿ (LFKHQEDXP DQG (YDQV ￿￿￿￿￿￿ VKRZ
WKDW PRQHWDU\ VKRFNV KDYH D GLUHFW HIIHFW LQ WKH PHDQ RI WKH LQWHUHVW UDWH GLIIHUHQWLDO￿ 7KXV
LQ WKH QH[W VHFWLRQ ZH SUHVHQW VXFK HYLGHQFH XVLQJ WKH %DL DQG 3HUURQ PHWKRGRORJ\
UHJDUGLQJ SDUWLDO PXOWLSOH VWUXFWXUDO EUHDN PRGHOV￿
￿￿￿ 3DUWLDO 6WUXFWXUDO %UHDN 0RGHO
7DEOHV ￿ DQG ￿ SUHVHQW WKH UHVXOWV RI WKH SDUWLDO VWUXFWXUDO EUHDN PRGHOV￿ 7KH
VHOHFWLRQ RI WKH QXPEHU RI EUHDNV GHVHUYHV VRPH GLVFXVVLRQ￿ %3 ￿￿￿￿￿￿ VXJJHVW WKH
IROORZLQJ VWUDWHJ\ IRU VHOHFWLQJ WKH QXPEHU RI EUHDNV￿ :H ILUVW ORRN DW WKH 8GPD[ RU
:GPD[ WHVWV WR VHH LI DW OHDVW RQH EUHDN LV SUHVHQW￿ 7KHQ WKH QXPEHU RI EUHDNV FDQ EH
GHWHUPLQHG E\ ORRNLQJ DW WKH VXS)￿O￿￿_O￿ VWDWLVWLFV￿ :H VHOHFW WKH QXPEHU RI EUHDNV IRU
￿ :H DOVR WULHG D WKUHH￿VWDWH 0DUNRY￿VZLWFKLQJ YDULDQFH VSHFLILFDWLRQ IRU WKH FRXQWULHV LQ RXU VDPSOH￿
$OWKRXJK￿ WKH GLDJQRVWLF WHVWV ZKHUH VRPHZKDW LPSURYHG￿ WKH TXDOLWDWLYH LQIHUHQFHV UHJDUGLQJ WKH
DXWRUHJUHVVLYH FRHIILFLHQW RI WKH IRUZDUG GLVFRXQW GLG QRW FKDQJH￿ 7KH UHVXOWV IURP WKH WKUHH￿VWDWH
VSHFLILFDWLRQV DUH DYDLODEOH XSRQ UHTXHVW￿￿￿
ZKLFK WKH VXS)￿O￿￿_O￿ VWDWLVWLF LV VLJQLILFDQW DW OHDVW DW WKH ￿￿ OHYHO￿ 7DEOH ￿ SUHVHQWV WKH
YDOXHV RI DOO WKH WHVWV XVHG WR GHWHUPLQH WKH QXPEHU RI EUHDNV IRU HDFK FRXQWU\￿
￿ 7DEOH ￿
DOVR SUHVHQWV WKH WHVWV DQG FULWLFDO YDOXHV RI :DOG WHVWV WKDW WHVW IRU ￿ YHUVXV D SUHVSHFLILHG
QXPEHU RI EUHDNV￿ GHQRWHG E\ 6XS)7￿￿_O￿￿ ,Q WKH FDVH RI *HUPDQ\￿ WKH 6XS)7￿￿_O￿ ￿
8GPD[￿ DQG :GPD[ WHVWV SRLQW WR WKH SUHVHQFH RI PXOWLSOH EUHDNV￿ 7KH 6XS)7￿O_O￿￿￿ WHVWV
VXJJHVWV WKH XVH RI D PRGHO ZLWK ILYH VWUXFWXUDO EUHDNV VLQFH WKH 6XS)7￿￿_￿￿ WHVW LV
VLJQLILFDQW DW WKH ￿￿ OHYHO￿ ,Q WKH FDVH RI )UDQFH￿ WKH 8GPD[ DQG :GPD[ WHVWV UHMHFW WKH
QXOO K\SRWKHVLV RI QR EUHDNV YHUVXV WKH DOWHUQDWLYH RI DQ XQNQRZQ QXPEHU RI EUHDNV￿ 7KH
6XS)7￿O_O￿￿￿ VXJJHVW WKDW D PRGHO RI IRXU EUHDNV VKRXOG EH FKRVHQ RYHU D PRGHO ZLWK
WKUHH EUHDNV￿ 1RWLFH WKDW WKH 6XS)7￿￿_￿￿ GRHV QRW UHMHFW WKH QXOO K\SRWKHVLV RI RQH EUHDN
YHUVXV WZR￿ $W WKH VDPH WLPH￿ WKH 6XS)7￿￿_O￿ GRHV QRW UHMHFW WKH QXOO RI QR EUHDNV YHUVXV
WZR EXW GRHV UHMHFW WKH QXOO ZKHQ WKH QXPEHU RI EUHDNV LV RQH￿ WKUHH￿ RU IRXU￿ 7KHUHIRUH￿
ZH HVWLPDWH D PRGHO ZLWK IRXU EUHDNV IRU )UDQFH￿ )RU -DSDQ QHLWKHU WKH 8GPD[ QRU DQ\ RI
WKH :GPD[ WHVWV SRLQW WR D QXPEHU RI EUHDNV ZKLFK LV VLJQLILFDQWO\ GLIIHUHQW WKDQ ]HUR￿
+HQFH￿ ZH GR QRW HVWLPDWH D PRGHO RI PXOWLSOH VWUXFWXUDO EUHDNV IRU -DSDQ￿ %RWK WKH WLPH￿
YDU\LQJ SDUDPHWHU PRGHO DQG WKH VWRFKDVWLF EUHDN PRGHO VLQJOH RXW -DSDQ DV WKH FDVH
ZKHUH SDUDPHWHU LQVWDELOLW\￿ RU VWUXFWXUDO FKDQJH LV QRW VWDWLVWLFDOO\ VLJQLILFDQW ZLWKLQ RXU
VDPSOH SHULRG￿ 7KH UHVXOWV IRU WKH UHVW RI WKH FRXQWULHV DUH SUHVHQWHG LQ WDEOH ￿￿ 1RWLFH
WKDW DOO WKH SRLQW HVWLPDWHV RI WKH I FRHIILFLHQWV DFURVV WKH UHVW RI WKH FRXQWULHV KDYH
GURSSHG VLJQLILFDQWO\ FRPSDUHG WR WKH HVWLPDWHV LQ WDEOH ￿E￿ ZKHUH ZH GR QRW DFFRXQW IRU
VWUXFWXUDO EUHDNV￿ )RU LQVWDQFH WKH DXWRUHJUHVVLYH FRHIILFLHQW RI WKH IRUZDUG GLVFRXQW ZDV
￿￿￿￿￿ IRU *HUPDQ\ DQG ￿￿￿￿￿ IRU WKH 8. ZKHQ VWUXFWXUDO EUHDNV ZKHUH QRW WDNHQ LQWR
DFFRXQW￿ 7KH FRUUHVSRQGLQJ HVWLPDWHV DUH ￿￿￿￿￿ DQG ￿￿￿￿￿ UHVSHFWLYHO\￿ ZKHQ ZH DOORZ
IRU VXFK EUHDNV LQ WKH SURFHVV￿
,Q WDEOH ￿ ZH DOVR UHSRUW WKH HVWLPDWHV RI WKH EUHDN GDWHV ZLWK WKHLU UHVSHFWLYH ￿￿￿
FRQILGHQFH LQWHUYDOV￿ 0RVW RI WKH EUHDN GDWHV KDYH EHHQ HVWLPDWHG TXLWH DFFXUDWHO\ JLYHQ
WKDW WKH HVWLPDWHV RI WKH FRQILGHQFH LQWHUYDOV VSDQ WKH SHULRG RI DERXW WZR \HDUV￿ $OVR￿
ZLWK WKH H[FHSWLRQ RI WKH ILUVW DQG VHFRQG EUHDN GDWHV IRU *HUPDQ\￿ WKH FRQILGHQFH
LQWHUYDOV GR QRW RYHUODS￿ VXJJHVWLQJ WKDW WKH QXPEHU RI EUHDNV KDV DOVR EHHQ HVWLPDWHG
DFFXUDWHO\￿ )LQDOO\￿ PRVW RI WKH EUHDN GDWHV HVWLPDWHG IRU HDFK FRXQWU\ DUH YHU\ VLPLODU WR
￿ &ULWLFDO YDOXHV IRU WKHVH WHVWV FDQ EH IRXQG LQ %DL DQG 3HUURQ ￿￿￿￿￿￿￿￿
WKH EUHDN GDWHV IRU WKH UHVW RI WKH FRXQWULHV￿ IXUWKHU DWWHVWLQJ WR WKH UREXVWQHVV RI RXU
UHVXOWV￿ )RU DOO WKH FRXQWULHV￿ DOPRVW KDOI RI WKH EUHDNV WDNH SODFH GXULQJ WKH EHJLQQLQJ RI
WKH VDPSOH￿ FRLQFLGLQJ ZLWK WKH ILUVW SHULRG RI KLJK YRODWLOLW\ FDSWXUHG E\ WKH WLPH￿YDU\LQJ
FRHIILFLHQW PRGHO￿ 7KLV SHULRG LV FRQVLVWHQW ZLWK WKH FKDQJH LQ WKH 86 FHQWUDO EDQN¶ V
SROLF\ REMHFWLYHV￿ DV ZHOO DV WKH VXEVHTXHQW UHFHVVLRQ RI ￿￿￿￿￿￿￿￿ 7KH EUHDN GDWHV WKDW
FRUUHVSRQG WR WKH 86 ￿￿￿￿￿￿￿ UHFHVVLRQ DUH LGHQWLILHG IRU )UDQFH￿ ,WDO\￿ &DQDGD￿ DQG WKH
8. DV ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ DQG ￿￿￿￿￿￿￿ UHVSHFWLYHO\￿ *LYHQ RXU GHILQLWLRQ RI WKH
H[FKDQJH UDWH DQG FRYHUHG LQWHUHVW SDULW\￿ ZH FDQ ZULWH￿
86






W L UHSUHVHQW WKH QRPLQDO LQWHUHVW UDWHV LQ WKH 86 DQG WKH IRUHLJQ
FRXQWU\ UHVSHFWLYHO\￿ ,Q DOO WKH FDVHV￿ WKH LPSOLHG XQFRQGLWLRQDO PHDQV RI WKH LQWHUHVW UDWH
GLIIHUHQWLDOV KDYH FKDQJHG VLJQLILFDQWO\￿ IRU WKH GXUDWLRQ RI WKH UHJLPHV LPPHGLDWHO\
IROORZLQJ WKH EUHDN GDWHV￿
￿
7KH ILQDO TXHVWLRQ ZH DVN LV WKH IROORZLQJ￿ :KDW DUH WKH LPSOLFDWLRQV RI RXU
PRGHO￿ QDPHO\ WKDW WKH IRUZDUG GLVFRXQW LV QRW DV SHUVLVWHQW ZKHQ VWUXFWXUDO EUHDNV DUH
WDNHQ LQWR DFFRXQW￿ IRU WKH IRUZDUG GLVFRXQW SX]]OH" 7KH HVWLPDWH RI E LQ HTXDWLRQ ￿￿￿ LV
IRXQG FRQVLVWHQWO\ WR EH ELDVHG DZD\ IURP LWV WKHRUHWLFDO YDOXH ￿￿ &RXOG RXU SDUWLDO
VWUXFWXUDO FKDQJH PRGHO H[SODLQ VRPH RI WKLV ELDV" ,Q WKH QH[W VHFWLRQ ZH VKRZ XVLQJ
0RQWH &DUOR VLPXODWLRQV WKDW WKLV LV WKH FDVH LQGHHG￿ $OWKRXJK ZH LPSRVH )58+￿ WKH
OHDVW VTXDUHV SRLQW HVWLPDWHV RI WKH FRHIILFLHQW WXUQ RXW WR EH VLJQLILFDQWO\ ELDVHG
GRZQZDUG￿
￿￿ 0RQWH￿&DUOR 6LPXODWLRQV
,Q WKLV VHFWLRQ ZH XVH 0RQWH &DUOR VLPXODWLRQV LQ RUGHU WR DVVHVV WKH LPSOLFDWLRQV RI
WKH SUHVHQFH RI VWUXFWXUDO EUHDNV LQ WKH IRUZDUG GLVFRXQW SURFHVV IRU )58+￿ :H HVWLPDWH
￿ 7KH HVWLPDWHV RI WKH XQFRQGLWLRQDO PHDQ IRU )UDQFH￿ ,WDO\￿ &DQDGD DQG WKH 8.￿ EHIRUH WKHVH EUHDNV DUH
–￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ DQG –￿￿￿￿￿ UHVSHFWLYHO\￿ 7KH PHDQV LPSOLHG DIWHU WKH VWUXFWXUDO EUHDN GDWH DUH ￿￿￿￿￿￿
￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿
WKH ‡GLIIHUHQFHV UHJUHVVLRQ· ￿￿￿ DQG WKH $5￿￿￿ VSHFLILFDWLRQ IRU WKH IRUZDUG GLVFRXQW ZLWK
DQG ZLWKRXW VWUXFWXUDO EUHDNV LQ WKH PHDQ RI WKH IRUZDUG GLVFRXQW￿ :H UHSRUW WKH
SHUIRUPDQFH RI WKH WHVWV IRU ZKHWKHU E   ￿ YHUVXV WKH DOWHUQDWLYHV RI E z ￿ DQG E ￿￿L Q
￿￿￿￿ :H DOVR UHSRUW WKH SHUIRUPDQFH RI WKH XQLW URRW WHVW IRU WKH DXWRUHJUHVVLYH FRHIILFLHQW
RI WKH IRUZDUG GLVFRXQW￿ $OO H[SHULPHQWV DUH EDVHG RQ ￿￿￿￿ UHSOLFDWLRQV￿
￿￿￿ ’HVLJQ RI WKH ([SHULPHQWV
:H HPSOR\ DQ DOWHUQDWLYH \HW HTXLYDOHQW UHSUHVHQWDWLRQ RI WKH FRLQWHJUDWLQJ V\VWHP
￿￿￿ DV RXU GDWD JHQHUDWLQJ SURFHVV￿ 7KLV UHSUHVHQWDWLRQ LV GXH WR 3KLOOLSV¶ ￿￿￿￿￿￿ DQG LV
FDOOHG D WULDQJXODU UHSUHVHQWDWLRQ￿ )RU RXU SXUSRVHV￿ WKH JHQHUDO IRUP RI WKH WULDQJXODU
UHSUHVHQWDWLRQ IRU \W LV
￿ IW W F W X V I ￿ ￿   P ￿￿￿D￿
VW W W X V V ￿   ￿￿ ￿￿￿E￿
ZKHUH WKH YHFWRU RI HUURUV XW   ￿XIW￿X VW￿¶  ￿IW￿VW￿PF￿ ’VW￿¶ KDV WKH 9$5￿￿￿ UHSUHVHQWDWLRQ




























(TXDWLRQ ￿￿￿D￿ PRGHOV WKH VWUXFWXUDO FR￿LQWHJUDWLQJ UHODWLRQVKLS DQG ￿￿￿E￿ LV D UHGXFHG
IRUP UHODWLRQVKLS GHVFULELQJ WKH VWRFKDVWLF WUHQG LQ WKH VSRW UDWH￿ 7KH 9$5￿￿￿
UHSUHVHQWDWLRQ IRU WKH XW LPSOLHV
￿ ￿ ￿ W W I IW X X K I ￿   ￿ ￿￿￿F￿
VW IW V VW X X H E ￿   ￿￿ ￿￿￿G￿
(TXDWLRQ ￿￿￿F￿ PRGHOV WKH GLVHTXLOLEULXP HUURU ￿ZKLFK HTXDOV WKH IRUZDUG SUHPLXP￿ DV
DQ $5￿￿￿ SURFHVV DQG ￿￿￿G￿ DOORZV WKH ODJJHG HUURU WR DIIHFW WKH FKDQJH LQ WKH VSRW UDWH￿
/HWWLQJ HW   ￿KW￿ HVW￿¶￿ 1RWH I LV WKH DXWRUHJUHVVLYH FRHIILFLHQW RI WKH IRUZDUG GLVFRXQW DQG
E LV WKH IRUZDUG GLVFRXQW FRHIILFLHQW IURP HTXDWLRQ ￿￿￿￿ ,Q RXU VLPXODWLRQV ZH VHW EV  ￿￿￿
VR WKDW 8,3 KROGV￿ ,Q RXU PRQWKO\ H[FKDQJH UDWH GDWD ￿ | V K V ￿ :H FDOLEUDWH IRUZDUG DQG
VSRW H[FKDQJH UDWHV XVLQJ WKH SDUDPHWHU HVWLPDWHV IURP WKH SDUWLDO VWUXFWXUDO EUHDN PRGHO
RI WKH IRUZDUG GLVFRXQW UHSRUWHG LQ WDEOH ￿￿ :H DOVR FDOLEUDWH VSRW DQG IRUZDUG UDWHV
XQGHU WKH DVVXPSWLRQ RI QR EUHDN LQ WKH PHDQ RI WKH IRUZDUG GLVFRXQW￿XVLQJ WKH HVWLPDWHV
UHSRUWHG LQ WDEOH ￿E￿ :H HVWLPDWH WKH GLIIHUHQFHV UHJUHVVLRQ ￿￿￿￿ DV ZHOO DV WKH $5￿￿￿
PRGHO RI WKH IRUZDUG GLVFRXQW XVLQJ RUGLQDU\ OHDVW VTXDUHV￿ :H DOVR UHSRUW WKH UHMHFWLRQ
UDWHV IRU WHVWLQJ WKDW I   ￿ LQ WKH IRUZDUG GLVFRXQW DQG EV   ￿ LQ WKH GLIIHUHQFHV UHJUHVVLRQ￿
6LQFH I   ￿ LV D XQLW URRW WHVW LWV UHMHFWLRQ UDWH UHDOO\ PHDVXUHV WKH SRZHU RI WKH
DXJPHQWHG ’LFNH\–)XOOHU WHVW DJDLQVW WKH VWDWLRQDU\ DOWHUQDWLYH￿ )LQDOO\￿ LQ DOO WKH
H[SHULPHQWV￿ ZH VHW WKH VDPSOH VL]H￿ 7  ￿￿￿ WR UHIOHFW WKH QXPEHU RI REVHUYDWLRQV LQ RXU
DFWXDO GDWD VDPSOH￿
￿￿￿ 0RQWH &DUOR 5HVXOWV
7DEOHV ￿ WKURXJK ￿￿ VXPPDUL]H WKH UHVXOWV RI WKH 0RQWH &DUOR VLPXODWLRQV IRU HDFK
FRXQWU\￿ 1RWLFH WKDW LQ WKH FDVH RI QR VWUXFWXUDO EUHDNV￿ ERWK I DQG EV DUH HVWLPDWHG
FRUUHFWO\￿ 7KH DGI WHVW KDV YHU\ KLJK SRZHU DQG WKH VL]H RI WKH W￿WHVW LV D FRUUHFW ￿￿￿ 7KH
SRLQW HVWLPDWHV RI EV UDQJH IURP ￿￿￿￿￿ LQ WKH FDVH RI ,WDO\￿ WR ￿￿￿￿￿ LQ WKH FDVH RI
*HUPDQ\￿ 7KH SRLQW HVWLPDWHV IRU I DUH DOVR H[WUHPHO\ FORVH WR WKHLU WUXH YDOXHV￿
:KHQ WKH GDWD DUH JHQHUDWHG XQGHU WKH DVVXPSWLRQ RI VWUXFWXUDO EUHDNV WKH UHVXOWV
RI WKH 0RQWH &DUOR DUH TXLWH GLIIHUHQW￿ 6WUXFWXUDO EUHDNV￿ ZKLFK DUH XQDFFRXQWHG IRU￿
VHHP WR SURGXFH WZR GLIIHUHQW \HW LQWHUUHODWHG UHVXOWV￿ )LUVW￿ WKH DXWRUHJUHVVLYH FRHIILFLHQW
RI WKH IRUZDUG GLVFRXQW LV HVWLPDWHG WR EH YHU\ KLJK DQG WKH SRZHU RI WKH DGI WHVW LV
VHULRXVO\ UHGXFHG￿ ZLWK WKH H[FHSWLRQ RI ,WDO\ DQG &DQDGD￿ ,Q ERWK RI WKHVH FDVHV WKRXJK￿
WKH SRLQW HVWLPDWHV RI I DUH TXLWH KLJKHU WKDQ WKHLU WUXH YDOXHV￿ )RU *HUPDQ\￿ )UDQFH DQG
WKH 8.￿ WKH SRZHU RI WKH DGI WHVW LV ￿￿￿￿￿￿ ￿￿￿￿￿￿ DQG ￿￿￿￿ ￿ UHVSHFWLYHO\￿
6HFRQGO\￿ WKH SRLQW HVWLPDWH RI EV LV VHULRXVO\ ELDVHG GRZQZDUG DZD\ IURP LWV
WUXH YDOXH RI ￿￿ 7KH SRLQW HVWLPDWHV UDQJH IURP ￿￿￿￿￿ IRU *HUPDQ\￿ ZKLFK LV WKH PRVW
VHYHUH FDVH RI ELDV WR ￿￿￿￿￿ LQ WKH FDVH RI &DQDGD￿ 0RUHRYHU￿ WKH VL]H RI WKH W￿WHVW IRU WKH
QXOO K\SRWKHVLV RI EV   ￿ LV GLVWRUWHG￿ IRUFLQJ RQH WR UHMHFW WKH QXOO K\SRWKHVLV PRUH RIWHQ
WKDQ VKH VKRXOG￿ 2Q DYHUDJH￿ DW WKH ￿￿ OHYHO￿ WKH WZR￿VLGHG W￿WHVW UHMHFWV WKH WUXH QXOO￿￿
K\SRWKHVLV DERXW ￿￿￿ RI WKH WLPH￿ ZKLOH WKH RQH￿VLGHG W￿WHVW¶V UHMHFWLRQ UDWH LV HYHQ ZRUVH
DW DERXW ￿￿￿￿
7KH UHVXOWV RI WKH 0RQWH &DUOR VLPXODWLRQV VHHP WR MXVWLI\ RXU SULRU WKDW WKH
IRUZDUG SUHPLXP LV QRW DV SHUVLVWHQW DV LW DSSHDUV WR EH￿ 7KH SUHVHQFH RI VWUXFWXUDO EUHDNV
LV UHVSRQVLEOH IRU JHQHUDWLQJ ,￿￿￿￿OLNH EHKDYLRU LQ LWV SURFHVV￿ WKDW FRQWULEXWHV D
FRQVLGHUDEOH GHJUHH RI GRZQZDUG ELDV WR WKH SRLQW HVWLPDWH RI E LQ HTXDWLRQ ￿￿￿￿ 7KH
PHGLDQ HVWLPDWH RI E LQ RXU H[SHULPHQWV LV QRW QHJDWLYH￿ DV XVXDOO\ LV ZKHQ DFWXDO
H[FKDQJH UDWH GDWD LV HVWLPDWHG E\ OHDVW VTXDUHV￿ 1HYHUWKHOHVV￿ RQH ZRXOG VWLOO PLVWDNHQO\
UHMHFW WKH QXOO K\SRWKHVLV RI IRUZDUG UDWH XQELDVGHQHVV￿ LI RQH GLG QRW DFFRXQW IRU WKH
SUHVHQFH RI VWUXFWXUDO EUHDNV LQ WKH IRUZDUG GLVFRXQW￿
￿￿ &RQFOXVLRQ
:H HPSOR\ WZR GLIIHUHQW PRGHOV RI WKH IRUZDUG GLVFRXQW XQGHU WKH SULRU WKDW
VWUXFWXUDO EUHDNV LQ LWV SURFHVV FRXOG H[SODLQ DZD\ WKH KLJKO\ VW\OL]HG IDFW RI LWV KLJK
SHUVLVWHQFH￿ 7KH ILUVW PRGHO LV D WLPH YDU\LQJ SDUDPHWHU PRGHO ZLWK 0DUNRY￿VZLWFKLQJ
YDULDQFH WKDW KHOS XV GRFXPHQW WKH SDWWHUQ RI WKH SHUVLVWHQFH￿ :H RYHUZKHPLQJO\ UHMHFW
WKH QXOO K\SRWKHVLV RI QR SDUDPHWHU LQVWDELOLW\ IRU DOO *￿￿ FRXQWULHV ZLWK WKH H[FHSWLRQ RI
-DSDQ￿ 7KH WLPH YDU\LQJ SDUDPHWHU PRGHO LV DEOH WR FDSWXUH VWUXFWXUDO FKDQJH WKDW WDNHV
SODFH LQ D FRQWLQXLQJ IDVKLRQ￿ 7KH WLPLQJ RI WKH FKDQJHV VXJJHVWHG WKH SRVVLELOLW\ RI
VWUXFWXUDO EUHDNV LQ WKH PHDQ RI WKH SURFHVV￿ 7KXV￿ ZH SURFHHG WR XVH D VWRFKDVWLF SDUWLDO
EUHDN PRGHO GHYHORSHG E\ %DL DQG 3HUURQ WKDW H[SOLFLWO\ DOORZV IRU WKH LQFRUSRUDWLRQ DQG
HVWLPDWLRQ RI VWUXFWXUDO EUHDNV LQ WKH PHDQ RI D SURFHVV￿ 7KH VWRFKDVWLF EUHDN PRGHO FDQ
EH YLHZHG DV D SODXVLEOH DOWHUQDWLYH WR WKH IUDFWLRQDOO\ LQWHJUDWHG PRGHO RI WKH IRUZDUG
GLVFRXQW XVHG E\ %DLOOLH DQ %ROOHUVOHY ￿￿￿￿￿￿ DQG 0D\QDUG DQG 3KLOOLSV ￿￿￿￿￿￿￿ :H ILQG
WKDW EUHDNV LQ WKH PHDQ DUH SUHVHQW￿ DQG WKHLU WLPLQJ FRLQFLGHV￿ DW OHDVW IRU WKH FDVH RI WKH
￿￿￿￿￿￿￿ 86 UHFHVVLRQ ZLWK WKH W\SHV RI PRQHWDU\ VKRFNV UHSRUWHG E\ (LFKHQEDXP DQG
(YDQV ￿￿￿￿￿￿￿ $ FRQWUDFWLRQDU\ VKRFN WR WKH 86 PRQHWDU\ SROLF\ LQFUHDVHV WKH 86
LQWHUHVW UDWHV DQG￿ JLYHQ RXU GHILQLWLRQ RI WKH QRPLQDO H[FKDQJH UDWH￿ DOVR SHUVLVWHQWO\
GHFUHDVHV WKH OHYHO RI WKH IRUZDUG GLVFRXQW ZKLFK XQGHU FRYHUHG LQWHUHVW SDULW\ LV HTXDO WR
WKH LQWHUHVW UDWH GLIIHUHQWLDO RI WKH WZR FRXQWULHV￿ 2QFH WKHVH EUHDNV DUH HVWLPDWHG￿ WKH
IRUZDUG GLVFRXQW¶V SHUVLVWHQFH LV FRQVLGHUDEO\ ORZHU WKDQ SUHYLRXVO\ WKRXJKW￿￿￿
7KLV ILQGLQJ KDV SRWHQWLDOO\ LPSRUWDQW LPSOLFDWLRQV IRU ZKDW LV NQRZQ LQ WKH
,QWHUQDWLRQDO )LQDQFH OLWHUDWXUH DV WKH ‡)RUZDUG ’LVFRXQW $QRPDO\￿· ,Q WKH DEVHQFH RI D
WLPH￿YDU\LQJ ULVN SUHPLXP￿ ZH VLPXODWH VSRW DQG IRUZDUG H[FKDQJH UDWHV XQGHU WKH
DVVXPSWLRQ RI )58+ ZLWK DQG ZLWKRXW LQFRUSRUDWLQJ EUHDNV WR WKH PHDQ RI WKH IRUZDUG
GLVFRXQW￿ :H ILQG WKDW ZKHQ EUHDNV DUH QRW DFFRXQWHG IRU￿ WKH OHDVW VTXDUHV¶ FRHIILFLHQW RI
WKH IRUZDUG GLVFRXQW LQ WKH ‡GLIIHUHQFHV UHJUHVVLRQ· LV VHYHUHO\ ELDVHG GRZQZDUG￿ DZD\
IURP LWV WKHRUHWLFDO YDOXH RI ￿￿ )XUWKHUPRUH￿ XVXDO RQH￿ DQG WZR￿VLGHG W￿WHVWV VXIIHU IURP
VLJQLILFDQW VL]H GLVWRUWLRQ￿ IRUFLQJ RQH WR UHMHFW WKH QXOO K\SRWKHVLV RI )58+ WRR RIWHQ￿
7KH IRUZDUG GLVFRXQW SX]]OH LV￿ WR D FRQVLGHUDEOH GHJUHH￿ D VWDWLVWLFDO DUWLIDFW DULVLQJ IURP
EUHDNV LQ WKH PHDQ RI WKH IRUZDUG GLVFRXQW￿ 6LQFH WKH PHGLDQ 0RQWH &DUOR HVWLPDWHV RI
WKH IRUZDUG GLVFRXQW FRHIILFLHQW LQ WKH ‡GLIIHUHQFHV UHJUHVVLRQ· DUH QRW QHJDWLYH￿ DV LV
XVXDOO\ UHSRUWHG ZKHQ DFWXDO GDWD LV XVHG￿ FRPSHWLQJ H[SODQDWLRQV RI WKH ELDV PD\ VWLOO EH
YDOLG DQG ZRUWK H[DPLQLQJ LQ OLJKW RI RXU UHVXOWV￿ ,Q SDUWLFXODU￿ LI D WLPH￿YDU\LQJ IRUHLJQ
H[FKDQJH UDWH ULVN SUHPLXP GRHV H[LVW￿ ZKDW LV LWV FRQWULEXWLRQ WR WKH ELDV￿ RQFH VWUXFWXUDO
FKDQJH KDV EHHQ DFFRXQWHG IRU" :H KRSH WR DGGUHVV WKLV DQG UHODWHG LVVXHV LQ WKH IXWXUH￿￿￿
$33(1’,; $
7LPH￿9DU\LQJ &RHIILFLHQW ZLWK 0DUNRY￿6ZLWFKLQJ 9DULDQFH 0RGHO
￿￿
/HWWLQJ @ _ 3U> ￿ L 6 M 6 S W W LM       ￿ ZLWK L ￿￿￿ DQG M ￿￿￿ ￿ WKH .DOPDQ ILOWHU IRU WKH
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ZKHUH @ _ > ￿ ￿ _ ￿ ￿ < { W W W W ( E E ￿ LV WKH H[SHFWDWLRQ RI EW FRQGLWLRQDO RQ LQIRUPDWLRQ XS WR WLPH
W￿￿￿ 3W_W￿￿ LV WKH YDULDQFH RI EW_W￿￿￿ KW￿￿ LV WKH IRUHFDVW HUURU DQG IW_W￿￿ LV WKH YDULDQFH RI WKH
IRUHFDVW HUURU￿ \W { IW ￿V W￿ DQG [W { IW￿￿ ￿V W￿￿￿ (TXDWLRQV ￿$￿￿￿￿￿$￿￿￿ DUH WKH SUHGLFWLRQ
HTXDWLRQV RI WKH .DOPDQ )LOWHU￿ ZKLOH HTXDWLRQV ￿$￿￿￿￿￿$￿￿￿ DUH WKH XSGDWLQJ HTXDWLRQV￿
:H DOVR QHHG WR XVH +DPLOWRQ¶V ￿￿￿￿￿￿ ILOWHU ZKLFK LV JLYHQ LQ WKH IROORZLQJ WKUHH
VWHSV￿
6WHS ￿￿ *LYHQ @ _ 3U> ￿ ￿ ￿ ￿ <   W W L 6 ￿ FDOFXODWH
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ZKHUH L 6 6 W M W   ￿   ￿ _ 3U> @ LV WKH WUDQVLWLRQ SUREDELOLW\
6WHS ￿￿ &DOFXODWH WKH MRLQW GHQVLW\ RI \W￿6 W￿6 W￿￿ DQG FROODSVH DFURVV DOO SRVVLEOH VWDWHV WR
ILQG WKH PDUJLQDO GHQVLW\ RI \W￿
￿￿ 7KLV GLVFXVVLRQ IROORZV .LP DQG 1HOVRQ ￿￿￿￿￿￿ ‡6WDWH￿6SDFH 0RGHOV ZLWK 5HJLPH 6ZLWFKLQJ·￿￿
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5HIHUHQFHV
%DL￿ -XVKDQ ￿￿￿￿￿E￿￿ ‡(VWLPDWLQJ PXOWLSOH EUHDNV RQH DW D WLPH￿· (FRQRPHWULF WKHRU\￿ ￿￿￿
￿￿￿￿￿￿￿￿
%DL￿ -XVKDQ DQG 3LHUUH 3HUURQ ￿￿￿￿￿￿￿ ‡(VWLPDWLQJ DQG WHVWLQJ OLQHDU PRGHOV ZLWK PXOWLSOH
VWUXFWXUDO FKDQJHV￿· (FRQRPHWULFD￿ ￿￿￿ ￿￿￿￿￿￿
BBBB ￿￿￿￿￿￿￿ ‡&RPSXWDWLRQ DQG DQDO\VLV RI PXOWLSOH VWUXFWXUDO FKDQJH PRGHOV￿· ZRUNLQJ
SDSHU￿ ’HSDUWPHQW RI (FRQRPLFV￿ %RVWRQ &ROOHJH￿
%DLOOLH￿ 5LFKDUG 7￿ DQG 7LP %ROOHUVOHY ￿￿￿￿￿￿￿ ‡7KH ORQJ PHPRU\ RI WKH IRUZDUG
SUHPLXP￿· -RXUQDO RI ,QWHUQDWLRQDO 0RQH\ DQG )LQDQFH￿ ￿￿￿ ￿￿￿￿￿￿￿￿
%DLOOLH￿ 5LFKDUG 7￿ DQG 7LP %ROOHUVOHY ￿￿￿￿￿￿￿ ‡7KH IRUZDUG SUHPLXP DQRPDO\ LV QRW DV
EDG DV \RX WKLQN￿· ZRUNLQJ SDSHU￿ 0LFKLJDQ 6WDWH 8QLYHUVLW\￿ (DVW /DQVLQJ￿ 0,￿
%LOVRQ￿ -RKQ )￿￿￿ ￿￿￿￿￿￿￿ ‡7KH ￿VSHFXODWLYH HIILFLHQF\¶ K\SRWKHVLV￿· -RXUQDO RI %XVLQHVV￿
￿￿￿ ￿￿￿￿￿￿￿
&DPSEHOO￿ -RKQ <￿ DQG 3LHUUH 3HUURQ ￿￿￿￿￿￿￿ ‡3LWIDOOV DQG RSSRUWXQLWLHV￿ :KDW
PDFURHFRQRPLVWV VKRXOG NQRZ DERXW XQLW URRWV DQG FRLQWHJUDWLRQ￿· 1%(5
0DFURHFRQRPLFV $QQXDO￿ 0,7 3UHVV￿ &DPEULGJH￿ 0$￿
&KULVWLDQR￿ /DZUHQFH -￿￿ 0DUWLQ (LFKHQEDXP DQG &KDUOHV /￿ (YDQV ￿￿￿ ‡0RQHWDU\ SROLF\
VKRFNV￿ :KDW KDYH ZH OHDUQHG DQG WR ZKDW HQG"· 1%(5￿ ZRUNLQJ SDSHU ￿￿￿￿￿
&ODULGD￿ 5LFKDUG DQG 0DUN *HUWOHU ￿￿￿￿￿￿￿ ‡+RZ WKH %XQGHVEDQN FRQGXFWV 0RQHWDU\
SROLF\￿· LQ 5HGXFLQJ ,QIODWLRQ￿ 0RWLYDWLRQ DQG 6WUDWHJ\￿ 8QLYHUVLW\ RI &KLFDJR
3UHVV￿ &KLFDJR￿
&URZGHU￿ :LOOLDP -￿ ￿￿￿￿￿￿￿ ‡)RUHLJQ H[FKDQJH PDUNHW HIILFLHQF\ DQG FRPPRQ
VWRFKDVWLF WUHQGV￿· -RXUQDO RI ,QWHUQDWLRQDO 0RQH\ DQG )LQDQFH￿ ￿￿￿ ￿￿￿￿￿￿￿￿
&XVKPDQ￿ ’DYLG 2￿ DQG 7DR =KD ￿￿￿￿￿￿￿ ‡,GHQWLI\LQJ PRQHWDU\ SROLF\ LQ D VPDOO RSHQ
HFRQRP\ XQGHU IOH[LEOH H[FKDQJH UDWHV￿· -RXUQDO RI 0RQHWDU\ (FRQRPLFV￿ ￿￿￿ ￿￿
’LHEROG￿ )UDQFLV ;￿ DQG $WVXVKL ,QRXH ￿￿￿￿￿￿￿ ‡/RQJ PHPRU\ DQG VWUXFWXUDO FKDQJH￿·
ZRUNLQJ SDSHU￿ 8QLYHUVLW\ RI 3HQQV\OYDQLD￿
’RPLQJXH]￿ .DWKU\Q 0￿ ￿￿￿￿￿￿￿ ‡&HQWUDO EDQN LQWHUYHQWLRQ DQG H[FKDQJH UDWH YRODWLOLW\￿·
-RXUQDO RI ,QWHUQDWLRQDO 0RQH\ DQG )LQDQFH￿ ￿￿￿ ￿￿￿￿￿￿￿￿￿￿
(LFKHQEDXP 0DUWLQ￿ DQG &KDUOHV /￿ (YDQV ￿￿￿￿￿￿￿ ‡6RPH HPSLULFDO HYLGHQFH RQ WKH
HIIHFWV RI VKRFNV WR PRQHWDU\ SROLF\ RQ H[FKDQJH UDWHV￿· 7KH 4XDUWHUO\ -RXUQDO RI
(FRQRPLFV￿ 9R￿ ￿￿￿￿ ￿￿ ￿￿￿￿￿￿￿￿￿￿
(QJHO￿ &KDUOHV ￿￿￿￿￿￿￿ ‡7KH IRUZDUG GLVFRXQW DQRPDO\ DQG WKH ULVN SUHPLXP￿ $ VXUYH\
RI UHFHQW HYLGHQFH￿· -RXUQDO RI (PSLULFDO )LQDQFH￿ ￿￿ ￿￿￿￿￿￿￿￿
(QJOH￿ 5￿) DQG 0￿ :DWVRQ ￿￿￿￿￿￿￿ .DOPDQ ILOWHU￿ DSSOLFDWLRQV WR IRUHFDVWLQJ DQG UDWLRQDO
H[SHFWDWLRQ PRGHOV￿ $GYDQFHV LQ (FRQRPHWULFV￿ )LIWK :RUOG &RQJUHVV￿ 9RO￿￿￿￿￿￿￿
￿￿￿￿
(YDQV￿ 0DUWLQ ’￿’￿ DQG .DUHQ /HZLV ￿￿￿￿￿￿￿ ‡’R ORQJ￿WHUP VZLQJV LQ WKH GROODU DIIHFW
HVWLPDWHV RI WKH ULVN SUHPLD"· 5HYLHZ RI )LQDQFLDO 6WXGLHV￿ 9RO￿ ￿￿ 1R￿ ￿￿ ￿￿￿￿￿￿￿￿
)DPD￿ (XJHQH ￿￿￿￿￿D￿￿ ‡)RUZDUG DQG VSRW H[FKDQJH UDWHV￿· -RXUQDO RI 0RQHWDU\
(FRQRPLFV￿ ￿￿￿ ￿￿￿￿￿￿￿￿
)URRW￿ .HQQHWK $￿ ￿￿￿￿￿￿￿ ‡6KRUW UDWHV DQG H[SHFWHG DVVHW UHWXUQV￿· ZRUNLQJ SDSHU QR￿
￿￿￿￿￿ 1DWLRQDO %XUHDX RI (FRQRPLF 5HVHDUFK￿ &DPEULGJH￿ 0$￿
)URRW￿ .HQQHWK $￿ DQG -HIIUH\ $￿ )UDQNHO ￿￿￿￿￿￿￿ ‡)RUZDUG GLVFRXQW ELDV￿ LV LW DQ
H[FKDQJH ULVN SUHPLXP"· 4XDUWHUO\ -RXUQDO RI (FRQRPLFV￿ ￿￿￿￿ ￿￿￿￿￿￿￿
)URRW￿ .HQQHWK $￿ DQG 5LFKDUG +￿ 7KDOHU ￿￿￿￿￿￿￿ ‡$QRPDOLHV￿ )RUHLJQ H[FKDQJH￿· 7KH
-RXUQDO RI (FRQRPLF 3HUVSHFWLYHV￿ 9RO￿ ￿￿ ￿￿ ￿￿￿￿￿￿￿￿
*DUEDGH￿ .￿ ￿￿￿￿￿￿￿ 7ZR PHWKRGV IRU H[DPLQLQJ WKH VWDELOLW\ RI UHJUHVVLRQ FRHIILFLHQWV￿
-RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ￿ ￿￿￿ ￿￿￿￿￿￿
*DUFLD￿ 5HQH ￿￿￿￿￿￿￿ ‡$V\PSWRWLF QXOO GLVWULEXWLRQ RI WKH OLNHOLKRRG UDWLR WHVW LQ 0DUNRY
VZLWFKLQJ PRGHOV·￿ PDQXVFULSW￿ 8QLYHUVLW\ RI 0RQWUHDO￿
*DUFLD￿ 5HQH DQG 3LHUUH 3HUURQ ￿￿￿￿￿￿￿ ‡$Q DQDO\VLV RI WKH UHDO LQWHUHVW UDWH XQGHU UHJLPH
VKLIWV￿· 5HYLHZ RI (FRQRPLFV DQG 6WDWLVWLFV￿ ￿￿￿ ￿￿￿￿￿￿￿￿
*RGERXW￿ 0DULH￿-RVHH DQG 6LPRQ YDQ 1RUGHQ ￿￿￿￿￿￿￿ ‡8QLW URRW WHVWV DQG H[FHVV
UHWXUQV￿· ZRUNLQJ SDSHU ￿￿￿￿￿￿ %DQN RI &DQDGD￿
*UDQJHU￿ &OLYH :￿-￿ ￿￿￿￿￿￿￿ ‡$VSHFWV RI UHVHDUFK VWUDWHJLHV IRU WLPH VHULHV DQDO\VLV￿·
SUHVHQWDWLRQ WR WKH FRQIHUHQFH RQ 1HZ ’HYHORSPHQW LQ 7LPH 6HULHV (FRQRPLFV￿
1HZ +DYHQ￿ 2FWREHU ￿￿￿
+DL￿ :HLNH￿ 1HOVRQ 0DUN DQG <DQJUX :X ￿￿￿￿￿￿￿ ‡8QGHUVWDQGLQJ VSRW DQG IRUZDUG
H[FKDQJH UDWH UHJUHVVLRQV￿· -RXUQDO RI $SOOLHG (FRQRPHWULFV￿ 9RO￿ ￿￿￿ 1R￿ ￿￿ ￿￿￿￿
￿￿￿￿￿￿
+DPLOWRQ￿ -DPHV ￿￿￿￿￿￿￿ 7LPH 6HULHV $QDO\VLV￿ 3ULQFHWRQ 8QLYHUVLW\ 3UHVV￿ 3ULQFHWRQ￿ 1-￿
+DQVHQ￿ %UXFH (￿ ￿￿￿￿￿￿￿ ‡7KH OLNHOLKRRG UDWLR WHVW XQGHU QRQVWDQGDUG FRQGLWLRQV￿ WHVWLQJ
WKH 0DUNRY VZLWFKLQJ PRGHO RI *13￿· -RXUQDO RI $SSOLHG (FRQRPHWULFV￿ ￿￿￿ ￿￿￿￿
￿￿￿￿
+RUYDWK￿ 0LFKDHO 7￿. DQG 0DUN :￿ :DWVRQ ￿￿￿￿￿￿￿ ‡7HVWLQJ IRU FRLQWHJUDWLRQ ZKHQ
VRPH RI WKH FRLQWHJUDWLQJ YHFWRUV DUH SUHVSHFLILHG￿· (FRQRPHWULF 7KHRU\￿ ￿￿￿ ￿￿￿￿
￿￿￿￿￿
.LP￿ &KDQJ￿-LQ DQG &KDUOHV 5￿ 1HOVRQ ￿￿￿￿￿￿￿ 6WDWH￿6SDFH 0RGHOV ZLWK 5HJLPH
6ZLWFKLQJ￿ &ODVVLFDO DQG *LEEV￿6DPSOLQJ $SSURDFKHV ZLWK $SSOLFDWLRQV￿ 0,7
3UHVV￿&DPEULGJH￿ 0DVVDFKXVVHWV￿
.LP￿ &KDQJ￿-LQ￿ -DPHV &￿ 0RUOH\￿ DQG &KDUOHV 5￿ 1HOVRQ ￿￿￿￿￿￿￿ ‡’R FKDQJHVLQ WKH
PDUNHW ULVN SUHPLXPH[SODLQ WKH HPSLULFDO HYLGHQFH RI PHDQ UHYHUVLRQ LQ VWRFN
SULFHV"· ZRUNLQJ SDSHU￿ ’HSDUWPHQW RI (FRQRPLFV￿ 8QLYHUVLW\ RI :DVKLQJWRQ￿
6HDWWOH￿ :$￿
.LP￿ 6RX\RQJ DQG 1RXULHO 5RXELQL ￿￿￿￿￿￿￿ ‡/LTXLGLW\ DQG H[FKDQJH UDWHV￿ D VWUXFWXUDO
9$5 DSSURDFK￿· PDQXVFULSW￿ 1HZ <RUN 8QLYHUVLW\￿
/HZLV￿ .DUHQ .￿ ￿￿￿￿￿￿￿ ‡&KDQJLQJ EHOLHIV DQG V\VWHPDWLF UDWLRQDO IRUHFDVW HUURUV ZLWK
HYLGHQFH IURP IRUHLJQ H[FKDQJH￿· 7KH $PHULFDQ (FRQRPLF 5HYLHZ￿9RO￿ ￿￿￿ ￿￿ ￿￿￿￿
￿￿￿￿
BBBB ￿￿￿￿￿￿￿ 3X]]OHV LQ LQWHUQDWLRQDO ILQDQFLDO PDUNHWV￿ +DQGERRN RI ,QWHUQDWLRQDO
(FRQRPLFV 9ROXPH ￿￿ (OVHYLHU 6FLHQFH %￿9￿￿ $PVWHUGDP￿ 1HWKHUODQGV
0DUN￿ 1HOVRQ &￿ DQG <DQJUX :X ￿￿￿￿￿￿￿ ‡5HWKLQNLQJ GHYLDWLRQV IURP XQFRYHUHG LQWHUHVW
SDULW\￿ 7KH UROH RI FRYDULDQFH ULVN DQG QRLVH￿· 7KH (FRQRPLF -RXUQDO￿ ￿￿￿￿ ￿￿￿￿￿
￿￿￿￿￿
0DUVWRQ￿ 5LFKDUG &￿ ￿￿￿￿￿￿￿ ,QWHUQDWLRQDO ILQDQFLDO LQWHJUDWLRQ￿ $ VWXG\ RI LQWHUHVW
GLIIHUHQWLDOV EHWZHHQ WKH PDMRU LQGXVWULDO FRXQWULHV￿ &DPEULGJH 8QLYHUVLW\ 3UHVV￿
1HZ <RUN￿ 1HZ <RUN￿
0D\QDUG $OH[ DQG 3HWHU &￿%￿ 3KLOOLSV ￿￿￿￿￿￿￿ ‡5HWKLQNLQJ DQ ROG HPSLULFDO SX]]OH￿
(FRQRPHWULF HYLGHQFH RQ WKH IRUZDUG GLVFRXQW DQRPDO\￿￿· ZRUNLQJ SDSHU￿ <DOH
8QLYHUVLW\￿
3HUURQ￿ 3LHUUH ￿￿￿￿￿￿￿ ‡7KH JUHDW FUDVK￿ WKH RLO SULFH VKRFN DQG WKH XQLW URRW K\SRWKHVLV￿·
(FRQRPHWULFD￿ ￿￿￿ ￿￿￿￿￿￿￿￿￿￿
3KLOOLSV￿ 3HWHU &￿%￿ ￿￿￿￿￿￿￿2SWLPDO LQIHUHQFH LQ FRLQWHJUDWHG V\VWHPV￿· (FRQRPHWULFD￿
￿￿￿ ￿￿￿￿￿￿￿￿￿￿
6DUJDQ￿ -￿’￿ ￿￿￿￿￿￿￿ ‡:DJHV DQG SULFHV LQ WKH 8QLWHG .LQJGRP￿ D VWXG\ LQ HFRQRPHWULF
PHWKRGRORJ\￿· LQ 3￿( +DUW￿ *￿ 0LOOV DQG -￿.￿ :KLWDNHU ￿HGV￿￿￿ (FRQRPHWULF
$QDO\VLV IRU 1DWLRQDO (FRQRPLF 3ODQQLQJ￿ /RQGRQ￿ %XWWHUZRUWKV￿ ￿￿￿￿￿￿
6LNORV￿ 3LHUUH /￿ DQG &OLYH :￿ *UDQJHU ￿￿￿￿￿￿￿ ‡7HPSRUDU\ FRLQWHJUDWLRQ ZLWK DQ
DSSOLFDWLRQ WR LQWHUHVW UDWH SDULW\￿· 8&6’ ’LVFXVVLRQ 3DSHU 1R ￿￿￿￿￿￿
:DQJ￿ -LDKXL DQG (ULF =LYRW ￿￿￿￿￿￿￿ ‡$ 7LPH 6HULHV 0RGHO RI 0XOWLSOH 6WUXFWXUDO
&KDQJHV LQ /HYHO￿ 7UHQG DQG 9DULDQFH￿· IRUWKFRPLQJ LQ WKH -RXUQDO RI %XVLQHVV DQG
(FRQRPLF 6WDWLVWLFV￿
=LYRW￿ (ULF ￿￿￿￿￿￿￿ ‡&RLQWHJUDWLRQ DQG )RUZDUG DQG 6SRW ([FKDQJH 5DWHV￿· ZRUNLQJ
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-$￿86 )RUZDUG ’LVFRXQW￿￿
7DEOH ￿D￿ 6XPPDU\ 6WDWLVWLFV )RU ([FKDQJH 5DWH ’DWD
7DEOH ￿E￿ 6XPPDU\ 6WDWLVWLFV )RU ([FKDQJH 5DWH ’DWD
1RWH￿ U￿ GHQRWHV WKH ILUVW RUGHU DXWRFRUUHODWLRQ FRHIILFLHQW￿
*HUPDQ 0DUN )UHQFK )UDQF ,WDOLDQ /LUD
’V W￿￿ ’I W￿￿ I W￿V W ’V W￿￿ ’I W￿￿ I W￿VW ’V W￿￿ ’I W￿￿ I W￿V W
PHDQ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
VG ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
U￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
&RUUHOD ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿
WLRQ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
0DWUL[ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
&DQDGLDQ ’ROODU %ULWLVK 3RXQG -DSDQHVH <HQ
’V W￿￿ ’I W￿￿ I W￿V W ’V W￿￿ ’I W￿￿ I W￿VW ’V W￿￿ ’I W￿￿ I W￿V W
PHDQ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿
VG ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
U￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿
&RUUHOD ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
WLRQ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
0DWUL[ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿￿
7DEOH ￿D￿ (VWLPDWHV RI WKH ’LIIHUHQFHV 5HJUHVVLRQ
2/6￿ W W W W V I V H E D ￿ ￿ ￿   ’ ￿ ￿ ￿ ￿
*HUPDQ )UHQFK ,WDOLDQ &DQDGLDQ %ULWLVK -DSDQHVH
0DUN )UDQF /LUD ’ROODU 3RXQG <HQ
D ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
W D ￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
E ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
W E ￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
V
￿￿￿
VV ￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
5
￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
1RWH￿ :KLWH KHWHURVNHGDVWLFLW\￿FRQVLVWHQW VWDQGDUG HUURUV LQ SDUHQWKHVHV￿ WE ￿ GHQRWHV WKH WZR￿WDLO
W￿VWDWLVWLF IRU +￿￿ ￿   E ￿S ￿ YDOXHV DUH LQ EROG SDUHQWKHVHV￿
7DEOH ￿E￿ (VWLPDWHV RI WKH $5￿￿￿ VSHFLILFDWLRQ RI WKH )RUZDUG ’LVFRXQW
2/6￿ W Y W V W I F W V W I ￿ ￿ ￿ ￿ ￿   ￿ ￿ ￿ ￿ ￿ I
1RWH￿ :KLWH KHWHURVNHGDVWLFLW\￿FRQVLVWHQW VWDQGDUG HUURUV LQ SDUHQWKHVHV
*HUPDQ )UHQFK ,WDOLDQ &DQDGLDQ %ULWLVK -DSDQHVH
0DUN )UDQF /LUD ’ROODU 3RXQG <HQ
F ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
I ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
V
￿￿￿
Y ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
5
￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿￿
7DEOH ￿D
0D[LPXP /LNHOLKRRG (VWLPDWHV RI WKH 7LPH￿9DU\LQJ &RHIILFLHQW ZLWK 0DUNRY￿
6ZLWFKLQJ 9DULDQFH 0RGHO RI WKH )RUZDUG ’LVFRXQW
W F W W W F W W V I V I K P I P ￿ ￿ ￿   ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿
W W W Y ￿   ￿￿ I I ￿ ￿ ￿ ￿ ￿ ￿ ￿ ￿ a ￿
Y W 1 G L L Y V
￿ @ >   W WY ( K ￿ IRU DOO W
S 6 6 W W       ￿ @ ￿ _ ￿ 3U> ￿ DQG T 6 6 W W       ￿ @ ￿ _ ￿ 3U> ￿
1RWH￿ $V\PSWRWLF VWDQGDUG HUURUV DUH UHSRUWHG LQ SDUHQWKHVHV￿ 6DPSOHV DUH
DGMXVWHG IRU ODJJHG YDULDEOHV DQG VWDULQJ YDOXHV RI WKH .DOPDQ ILOWHU
7DEOH ￿E
/LNHOLKRRG 5DWLR 7HVWV IRU 3DUDPHWHU &RQVWDQF\ DQG 0DUNRY￿6ZLWFKLQJ
6SHFLILFDWLRQ



































1RWH￿ S￿YDOXHV LQ SDUHQWKHVHV





￿ ￿ ￿ ￿ K K K V V V ￿ ￿  
￿ ￿ ￿ ￿ ￿ ￿ ￿ a
￿
￿W W W 1 G L L K V K
*HUPDQ\ )UDQFH ,WDO\ &DQDGD 8. -DSDQ
P ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
VY ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
VK￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
VK￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
T ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
S ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
/RJOLN YDOXH ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿
)LJXUH ￿￿
)LOWHUHG DQG 6PRRWKHG 3UREDELOLWLHV RI WKH 7LPH￿9DU\LQJ &RHIILFLHQW DQG 0DUNRY￿
6ZLWFKLQJ 9DULDQFH 0RGHO RI WKH )RUZDUG ’LVFRXQW








￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿
















￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿






￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿








￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿























￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿

































￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿
)UDQFH￿ )LOWHUHG 7LPH￿YDU\LQJ &RHIILFLHQW￿￿
)LJXUH ￿
7LPH￿9DU\LQJ &RHIILFLHQW DQG 0DUNRY￿6ZLWFKLQJ 9DULDQFH 0RGHO







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿
-DSDQ￿ 6PRRWKHG 3UREDELOLW\ RI /RZ 9DULDQFH 5HJLPH￿￿
7DEOH ￿
’LDJQRVWLF 7HVWV IRU WKH 7LPH￿9DU\LQJ 3DUDPHWHU ZLWK 0DUNRY￿6ZLWFKLQJ 9DULDQFH 0RGHO
4￿VWDW RI
VWDQGDUGL]HG *(￿86 )5￿86 ,7￿86 &$￿86 8.￿86 -$￿86
UHVLGXDOV )RUZDUG ’LVFRXQW )RUZDUG ’LVFRXQW )RUZDUG ’LVFRXQW )RUZDUG ’LVFRXQW )RUZDUG ’LVFRXQW )RUZDUG ’LVFRXQW
4￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
4￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
4￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
4￿VWDW RI
VTXDUH RI
VWDQGDUGL]HG *(￿86 )5￿86 ,7￿86 &$￿86 8.￿86 -$￿86
UHVLGXDOV )RUZDUG ’LVFRXQW )RUZDUG ’LVFRXQW )RUZDUG ’LVFRXQW )RUZDUG ’LVFRXQW )RUZDUG ’LVFRXQW )RUZDUG ’LVFRXQW
4￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
4￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
4￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿
1RWH￿ S￿YDOXHV LQ SDUHQWKHVHV￿￿
7DEOH ￿
6WUXFWXUDO %UHDN 7HVWV IRU WKH 0XOWLSOH 6WUXFWXUDO %UHDN )RUZDUG ’LVFRXQW 0RGHO
1RWH￿
D￿ E￿ F GHQRWH ￿￿￿ ￿￿￿ DQG ￿￿￿ OHYHOV RI VLJQLILFDQFH UHVSHFWLYHO\
























































































0XOWLSOH 6WUXFWXUDO %UHDN 0RGHO
W W W M W W X V I F V I ￿ ￿ ￿   ￿ ￿ ￿ ￿ ￿ ￿ ￿ I ￿W  7 M￿￿￿￿￿￿￿￿￿7M
*HUPDQ\ )UDQFH ,WDO\ &DQDGD 8. -DSDQ
F￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿
F￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿
F￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿
F￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿
F￿ ￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿ ￿ ￿￿￿￿￿ ￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿ ￿￿￿￿￿￿￿ ￿
F￿ ￿￿￿￿￿￿ ￿ ￿ ￿ ￿￿￿￿￿ ￿
￿￿￿￿￿￿￿ ￿ ￿ ￿ ￿￿￿￿￿￿￿ ￿
I ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿
￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿
7￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿
￿￿￿ &￿,￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿
7￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿
￿￿￿ &￿,￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿
7￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿
￿￿￿ &￿,￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿
7￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿ ￿￿￿￿￿ ￿
￿￿￿ &￿,￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿
7￿ ￿￿￿￿￿ ￿ ￿ ￿ ￿￿￿￿￿ ￿
￿￿￿ &￿,￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿ ￿ ￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿
1RWH￿ $V\PSWRWLF VWDQGDUG HUURUV DUH UHSRUWHG LQ SDUHQWKHVHV￿ 7￿￿￿￿￿￿7￿ DUH WKH HVWLPDWHG EUHDN
GDWHV￿￿
)LJXUH ￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿








￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿









￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿








￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿







￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿
8.￿ )RUZDUG ’LVFRXQW DQG 6WUXFWXUDO %UHDN ’DWHV￿￿
7DEOH ￿
0RQWH &DUOR (VWLPDWHV RI WKH )RUZDUG ’LVFRXQW DQG ‡’LIIHUHQFHV· 5HJUHVVLRQV
*HUPDQ\
W IW IW IW W F W X X X V I K I P ￿   ￿ ￿   ￿￿ ￿





























￿￿￿ ￿ ￿ ￿









(VWLPDWHG UHJUHVVLRQ￿ IW￿VW  F￿I￿IW￿￿￿VW￿￿￿￿H W
7  ￿￿￿ 6WUXFWXUDO %UHDNV
1R 6WUXFWXUDO
%UHDNV
F I $’) F I $’)
E ￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
I  ￿￿￿￿￿ ￿￿￿￿￿￿￿
E ￿￿￿￿￿￿￿
E
(VWLPDWHG UHJUHVVLRQ￿ ’VW￿￿   D ￿ E￿IW￿VW￿￿Y W￿￿
7  ￿￿￿ 6WUXFWXUDO %UHDNV
1R 6WUXFWXUDO
%UHDNV
E ￿ DE WE ￿ DE WE ￿














F LV WKH XQFRQGLWLRQDO PHDQ RI WKH IRUZDUG GLVFRXQW￿ :KHQ ZH HVWLPDWH WKH
PRGHO ZLWK QR VWUXFWXUDO EUHDNV F  ￿￿￿￿￿￿￿ WKH HVWLPDWH IURP WDEOH ￿E￿ :KHQ ZH HVWLPDWH
WKH PRGHO ZLWK VWUXFWXUDO EUHDNV WKHQ F LV VHW WR WKH HVWLPDWHV JLYHQ LQ WDEOH ￿￿ :H UHSRUW
WKH PHGLDQ HVWLPDWHV RI WKH SDUDPHWHUV EDVHG RQ ￿￿￿￿￿ VLPXODWLRQV￿ 7KH YDOXHV LQ





0RQWH &DUOR (VWLPDWHV RI WKH )RUZDUG ’LVFRXQW DQG ‡’LIIHUHQFHV· 5HJUHVVLRQV
)UDQFH
W IW IW IW W F W X X X V I K I P ￿   ￿ ￿   ￿￿ ￿





























￿￿￿ ￿ ￿ ￿









(VWLPDWHG UHJUHVVLRQ￿ IW￿VW  F￿I￿IW￿￿￿VW￿￿￿￿H W
7  ￿￿￿ 6WUXFWXUDO %UHDNV
1R 6WUXFWXUDO
%UHDNV
F I $’) F I $’)
E ￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
I  ￿￿￿￿￿ ￿￿￿￿￿￿￿
E ￿￿￿￿￿￿￿
E
(VWLPDWHG UHJUHVVLRQ￿ ’VW￿￿   D ￿ E￿IW￿VW￿￿Y W￿￿
7  ￿￿￿ 6WUXFWXUDO %UHDNV
1R 6WUXFWXUDO
%UHDNV
E ￿ DE WE ￿ DE WE ￿














F LV WKH XQFRQGLWLRQDO PHDQ RI WKH IRUZDUG GLVFRXQW￿ :KHQ ZH HVWLPDWH WKH
PRGHO ZLWK QR VWUXFWXUDO EUHDNV F  ￿￿￿￿￿￿ WKH HVWLPDWH IURP WDEOH ￿E￿ :KHQ ZH HVWLPDWH
WKH PRGHO ZLWK VWUXFWXUDO EUHDNV WKHQ F LV VHW WR WKH HVWLPDWHV JLYHQ LQ WDEOH ￿￿ :H UHSRUW
WKH PHGLDQ HVWLPDWHV RI WKH SDUDPHWHUV EDVHG RQ ￿￿￿￿￿ VLPXODWLRQV￿ 7KH YDOXHV LQ





0RQWH &DUOR (VWLPDWHV RI WKH )RUZDUG ’LVFRXQW DQG ‡’LIIHUHQFHV· 5HJUHVVLRQV
,WDO\
W IW IW IW W F W X X X V I K I P ￿   ￿ ￿   ￿￿ ￿





























￿￿￿ ￿ ￿ ￿









(VWLPDWHG UHJUHVVLRQ￿ IW￿VW  F￿I￿IW￿￿￿VW￿￿￿￿H W
7  ￿￿￿ 6WUXFWXUDO %UHDNV
1R 6WUXFWXUDO
%UHDNV
F I $’) F I $’)
E ￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
I  ￿￿￿￿￿ ￿￿￿￿￿￿￿
E ￿￿￿￿￿￿￿
E
(VWLPDWHG UHJUHVVLRQ￿ ’VW￿￿   D ￿ E￿IW￿VW￿￿Y W￿￿
7  ￿￿￿ 6WUXFWXUDO %UHDNV
1R 6WUXFWXUDO
%UHDNV
E ￿ DE WE ￿ DEWE ￿














F LV WKH XQFRQGLWLRQDO PHDQ RI WKH IRUZDUG GLVFRXQW￿ :KHQ ZH HVWLPDWH WKH
PRGHO ZLWK QR VWUXFWXUDO EUHDNV F  ￿￿￿￿￿￿ WKH HVWLPDWH IURP WDEOH ￿E￿ :KHQ ZH HVWLPDWH
WKH PRGHO ZLWK VWUXFWXUDO EUHDNV WKHQ F LV VHW WR WKH HVWLPDWHV JLYHQ LQ WDEOH ￿￿ :H UHSRUW
WKH PHGLDQ HVWLPDWHV RI WKH SDUDPHWHUV EDVHG RQ ￿￿￿￿￿ VLPXODWLRQV￿ 7KH YDOXHV LQ





0RQWH &DUOR (VWLPDWHV RI WKH )RUZDUG ’LVFRXQW DQG ‡’LIIHUHQFHV· 5HJUHVVLRQV
&DQDGD
W IW IW IW W F W X X X V I K I P ￿   ￿ ￿   ￿￿ ￿





























￿￿￿ ￿ ￿ ￿









(VWLPDWHG UHJUHVVLRQ￿ IW￿VW  F￿I￿IW￿￿￿VW￿￿￿￿H W
7  ￿￿￿ 6WUXFWXUDO %UHDNV
1R 6WUXFWXUDO
%UHDNV
F I $’) F I $’)
E ￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
I  ￿￿￿￿￿ ￿￿￿￿￿￿￿
E ￿￿￿￿￿￿￿
E
(VWLPDWHG UHJUHVVLRQ￿ ’VW￿￿   D ￿ E￿IW￿VW￿￿Y W￿￿
7  ￿￿￿ 6WUXFWXUDO %UHDNV
1R 6WUXFWXUDO
%UHDNV
E ￿ DE WE ￿ DE WE ￿














F LV WKH XQFRQGLWLRQDO PHDQ RI WKH IRUZDUG GLVFRXQW￿ :KHQ ZH HVWLPDWH WKH
PRGHO ZLWK QR VWUXFWXUDO EUHDNV F  ￿￿￿￿￿￿￿ WKH HVWLPDWH IURP WDEOH ￿E￿ :KHQ ZH HVWLPDWH
WKH PRGHO ZLWK VWUXFWXUDO EUHDNV WKHQ F LV VHW WR WKH HVWLPDWHV JLYHQ LQ WDEOH ￿￿ :H UHSRUW
WKH PHGLDQ HVWLPDWHV RI WKH SDUDPHWHUV EDVHG RQ ￿￿￿￿￿ VLPXODWLRQV￿ 7KH YDOXHV LQ





0RQWH &DUOR (VWLPDWHV RI WKH )RUZDUG ’LVFRXQW DQG ’LIIHUHQFHV 5HJUHVVLRQV
8.
W IW IW IW W F W X X X V I K I P ￿   ￿ ￿   ￿￿ ￿





























￿￿￿ ￿ ￿ ￿









(VWLPDWHG UHJUHVVLRQ￿ IW￿VW  F￿I￿IW￿￿￿VW￿￿￿￿H W
7  ￿￿￿ 6WUXFWXUDO %UHDNV
1R 6WUXFWXUDO
%UHDNV
F I $’) F I $’)
E ￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
I  ￿￿￿￿￿ ￿￿￿￿￿￿￿
E ￿￿￿￿￿￿￿
E
(VWLPDWHG UHJUHVVLRQ￿ ’VW￿￿   D ￿ E￿IW￿VW￿￿Y W￿￿
7  ￿￿￿ 6WUXFWXUDO %UHDNV
1R 6WUXFWXUDO
%UHDNV
E ￿ DE WE ￿ DE WE ￿














F LV WKH XQFRQGLWLRQDO PHDQ RI WKH IRUZDUG GLVFRXQW￿ :KHQ ZH HVWLPDWH WKH
PRGHO ZLWK QR VWUXFWXUDO EUHDNV F  ￿￿￿￿￿￿ WKH HVWLPDWH IURP WDEOH ￿E￿ :KHQ ZH HVWLPDWH
WKH PRGHO ZLWK VWUXFWXUDO EUHDNV WKHQ F LV VHW WR WKH HVWLPDWHV JLYHQ LQ WDEOH ￿￿ :H UHSRUW
WKH PHGLDQ HVWLPDWHV RI WKH SDUDPHWHUV EDVHG RQ ￿￿￿￿￿ VLPXODWLRQV￿ 7KH YDOXHV LQ
SDUHQWKHVHV LQGLFDWH WKH HPSLULFDO UHMHFWLRQ IUHTXHQF\ RI QRPLQDO ￿￿ WZR￿VLGHG WHVWV
D DQG
RQH￿VLGHG WHVWV
E￿￿￿￿￿￿￿￿￿￿￿